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ABSTRACT

Introduction: Time in therapeutic range (TTR)
assesses the safety and effectiveness of warfarin
therapy using the international normalised ratio.
This study investigated the TTR in Hong Kong
patients using both European and Japanese
therapeutic ranges and patients’ economic and
clinical outcomes. Predictors of poor warfarin
control and patient knowledge concerning warfarin
therapy were assessed.

Methods: A 5-month observational study with
retrospective and prospective components was
conducted in the Prince of Wales Hospital. The study
examined electronic patient records of patients
who received warfarin for at least 1 year during the
period from January 2010 to August 2015. Patient
knowledge was assessed via phone interview using
the Oral Anticoagulation Knowledge (OAK) test.

Results: In total, 259 patients were included; 174
completed the OAK test. The calculated mean TTR
was 40.2+17.1% (European therapeutic range),
compared with 49.1+16.1% (Japanese therapeutic
range) [P<0.001]. Mean TTR was higher in patients
with atrial fibrillation than in patients with prosthetic
heart valve (P<0.001). The abilities of TTR to predict
clinical and economic outcomes were comparable
between European and Japanese therapeutic
ranges. Patients with ideal TTR had fewer clinical

complications and lower healthcare costs. Patients
with younger age exhibited worse TTR, as did those
with concurrent use of furosemide, famotidine, or
simvastatin. Mean OAK test score was 54.1%. Only
24 (13.8%) patients achieved a satisfactory overall
score of 275% in the test.

Conclusion: Warfarin use in Hong Kong patients
was poorly controlled, regardless of indication.
Patient knowledge concerning warfarin use was
suboptimal; thus, additional patient education is
warranted regarding warfarin.
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*  Warfarin control, in terms of time in therapeutic range (TTR), was suboptimal (40.2% with European
therapeutic range and 49.1% with Japanese therapeutic range), regardless of indication.
* Abilities of TTR to predict clinical and economic outcomes were comparable between European and Japanese

therapeutic ranges.

* Patients with younger age exhibited worse TTR, as did those with concurrent use of furosemide, famotidine, or

simvastatin.

*  Only 13.8% of interviewed patients achieved a satisfactory overall score on the Oral Anticoagulation Knowledge

test.

*  Warfarin is the most commonly prescribed anticoagulant in Hong Kong. However, warfarin control was
suboptimal; this poor control was associated with worse clinical and economic outcomes. Poor anticoagulation

control could increase healthcare expenses.

* Abilities to predict outcomes were similar between European and Japanese therapeutic ranges. Associations of
suboptimal warfarin control with unfavourable outcomes were robust for both therapeutic ranges.

* Despite the establishment of a warfarin clinic and availability of educational materials and discussions regarding
warfarin use, patient knowledge concerning warfarin therapy remains unsatisfactory, compared with prior
studies in Hong Kong. Additional patient education concerning warfarin use is warranted. New approaches may

be useful to deliver medication knowledge.
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Introduction

Warfarin, an oral vitamin K antagonist, has been
widely used as anticoagulant therapy for the
treatment and prophylaxis of thromboembolic
disease. Patients with atrial fibrillation (AF) exhibit
elevated risks of mortality and morbidity, including
fivefold greater risk of stroke and threefold greater
risk of heart failure, compared with individuals
without AF.}? In patients with prosthetic heart valve
(PHV), the incidence of PHV thrombosis was 0.5%
to 6% per patient-year, depending on the prosthesis
site.> Warfarin has been shown to significantly reduce
the risk of stroke in patients with non-valvular AF
and the risk of embolism in patients with PHV.**

To ensure the efficacy and safety of warfarin
therapy, strict control of the international normalised
ratio (INR) is required. One measurement of
INR does not indicate whether warfarin dose is
appropriate for a given patient. Instead, time in
therapeutic range (TTR) is commonly used in
clinical practice. According to the European Society
of Cardiology Guidelines for the management of
AF, the ideal TTR is regarded as 70%.° However,
warfarin control in clinical practice is reportedly
unsatisfactory worldwide.”® Poor TTR has been
associated with elevated risks of major haemorrhage,
ischaemic stroke, and all-cause mortality.’

Hong Kong is currently following the
European Society of Cardiology Guidelines for the
Management of Atrial Fibrillation with respect to
warfarin; these guidelines recommend INR control
between 2.0 and 3.0 in patients with normal heart
valve and between 2.5 and 3.5 in patients with
PHV.S In contrast, the Japanese Guidelines for
Pharmacotherapy of Atrial Fibrillation (JCS 2013)
recommend INR control between 2.0 and 3.0 in
patients aged <70 years or patients with PHV, and
between 1.6 and 2.6 in patients aged 270 years.'® This
recommendation is based on the findings of a study
in which the incidence rate of major haemorrhagic
complications was determined to be lower at INR
between 1.6 and 2.6.!! It remains unknown whether
additional benefits would be obtained by application
of Japanese guidelines in Hong Kong.

There are extensive drug-drug interactions,
drug-herb interactions, and drug-food interactions
of warfarin, which may affect anticoagulation
control.'*® To assure the efficacy and safety of
warfarin, patient education concerning warfarin is
needed.*'* However, a study in 2008 showed that
only one in six patients with AF underwent regular
INR examinations in China; patients with AF also
commonly exhibited minimal knowledge concerning
the importance of regular INR examinations.'

The study aimed to investigate the adequacy
of warfarin control in clinical practice in Hong
Kong by means of the TTR; it compared warfarin
outcome prediction using European and Japanese
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INR therapeutic ranges as concurrent primary
endpoints. Predictors for poor warfarin control were
analysed as secondary endpoints. The impacts of
TTR on both clinical and economic outcomes were
investigated, using the European therapeutic range.
Patient knowledge concerning warfarin therapy was
also assessed, as were predictors of this knowledge.

Methods
Patient recruitment

The single-centre cohort study was conducted in
the Prince of Wales Hospital, which is a regional
acute public hospital in Hong Kong. Patients who
received warfarin therapy in both the acute coronary
syndrome registry and warfarin clinic for at least
1 year and who had their last visit from 1 January
2010 to 31 August 2015 were included. One year
of warfarin therapy was presumed to be necessary
for patients to develop stable INR.®? Patients aged
<41 years and >90 years were excluded, due to the
infrequency of warfarin therapy in both age-groups
based on hospital records. Data for patient
recruitment and subsequent patient review were
retrieved through the Clinical Management System,
which is a computerised patient medical record
system.

Time in therapeutic range summary

Time in therapeutic range was defined as the fraction
of INRs in range, with the percentage derived by
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dividing number of INRs within the therapeutic
range by the total number of INRs recorded.!” Ideal
TTR was defined as 70%.° Warfarin indications for
individual patients were categorised in four groups:
AF, PHV, both AF and PHYV, and neither AF nor
PHV (eg, deep vein thrombosis and pulmonary
embolism). Associations of outcomes and adaptions
of either guidelines were subsequently determined.

Predictors of suboptimal time in therapeutic
range

Predictors of poor warfarin control, using the
European therapeutic range, were regarded as
secondary endpoints in our study. Patients were
stratified into four quartiles according to TTR.
Patients with TTR in Quartile 1 were considered to
have poor warfarin control. Patients were compared
across the four quartiles to identify predictors.
Factors included were age, sex, co-morbidities,
medication profile, and patient knowledge
concerning warfarin therapy. Co-morbidities
comprised hypertension, heart failure, thyroid
disorder, liver dysfunction, and diabetes mellitus.
Ten commonly prescribed medications were chosen
for medication profile comparison, based on a pilot
study of the first 20 recruited patients. The pilot
study was conducted using the same recruitment
criteria and the 20 patients were selected at random.
All prescribed medications were recorded for these
20 patients. The 10 most commonly prescribed
medications included aspirin, hydrochlorothiazide,
metoprolol, diltiazem, diclofenac, famotidine, senna,
simvastatin, lisinopril, and pantoprazole. For other
cardiovascular medications, the potential impact
was suspected with their high-frequency use in the
cohort and further investigation was performed. The
potential impact was detected using ongoing data
collection based on low TTR and high thrombotic
and bleeding events of patients with certain
medications that were not included in the list of
10 medications previously. The investigators
evaluated each additional medication carefully and
its impact on the clinical outcomes.

Impact of time in therapeutic range on
clinical outcome

Impacts of TTR on clinical outcomes were
investigated; patient TTR values were stratified
into four quartiles. Thrombotic events, bleeding
complications, and overall incidences of
complications were assessed. Stroke, pulmonary
embolism, acute coronary syndrome, and arterial
embolism were included as thrombotic events in
our study. Severity of bleeding complications was
classified based on discussion at the Control of
Anticoagulation Subcommittee of the International
Society of Thrombosis and Haemostasis.!®* Major

bleeding included: (1) fatal bleeding; and/or
(2) symptomatic bleeding in a critical area or
organ (eg, intracranial, intraspinal, intraocular,
retroperitoneal, intraarticular or pericardial, or
intramuscular with compartment syndrome); and/or
(3) bleeding causing a decline in haemoglobin level
of 22 g/dL (1.24 mmol/L), or leading to transfusion
of 22 units of whole blood or red cells. Otherwise,
all non-major bleeds were regarded as minor bleeds.

Impact of time in therapeutic range on
economic outcome

Impacts of TTR, using the European therapeutic
range, on economic outcomes were investigated.
Costs were calculated per day of warfarin therapy,
such that patients’ direct healthcare costs could
be calculated regardless of the length of warfarin
therapy. Direct healthcare costs related to warfarin
(from the healthcare provider perspective) were
calculated using the Hong Kong government
gazette.” Costs for INR examinations, procedures
(eg, surgery and diagnostic tests, excluding INR
examinations), hospitalisation, clinic visits, and
overall costs were compared separately.

Knowledge assessment

Patient knowledge concerning warfarin therapy was
assessed using the Oral Anticoagulation Knowledge
(OAK) test.”® Question 14 of the original test was
omitted from our study, because the frequencies
of INR tests and follow-up visits were determined
by local physicians in Hong Kong. A “Do not
know” option was included to minimise random
guessing. The assessment was translated into
Chinese and performed via phone interviews from
2 January 2016 to 1 April 2016. Patient knowledge
was considered satisfactory if a score of >75% was
achieved.” Predictors for OAK score performance
were identified.

Statistical analysis

For descriptive statistics, frequencies and percentages
were used for categorical variables; means + standard
deviations were used for continuous variables.
The Wilcoxon signed rank test, Chi squared test,
Fisher’s exact test, and one-way analysis of variance
(pairwise comparison with the Tukey method) were
used for comparisons of TTR with European and
Japanese therapeutic ranges. Fisher’s exact test and
Mann-Whitney U test were used to determine the
impacts of TTR on clinical and economic outcomes,
respectively. An ordinal regression model with
stepwise selection was used to identify independent
predictors for poor warfarin control. Multiple linear
regression with stepwise selection for variables
was used to determine predictors for OAK score.
Two-sided P values <0.05 were considered
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statistically significant. All statistical analysis was
performed by SPSS (Windows version 22.0; IBM
Corp, Armonk [NY], US) and R (version 3.5.3;
https://www.r-project.org/).

Results
Baseline characteristics

In total, 259 patients were included in the study;
among them, 126 (48.6%) were men. The mean
patient age was 67.9+10.4 years. The detailed
demographic characteristics of the patients are
shown in Table 1.

Time in therapeutic range summary

The overall mean INR was 2.3+0.3. The median
follow-up time for included patients was 2065 days
(interquartile range=1556-2065). The median
number of INR examinations was 46 (interquartile
range=33-73). Using the European therapeutic
range, 34.5% of all measured INR values were
within the therapeutic range. The overall TTR was

& Warfarin control in Hong Kong clinical practice &

40.2+17.1%; 7.7% of patients had ideal TTR during
the study period. Using the Japanese therapeutic
range, 44.1% of all measured INR values were
within the therapeutic range. The overall TTR was
49.1+16.1%; this was significantly higher than the
TTR when using the European therapeutic range
(P<0.001). Notably, 12.4% of all patients had ideal
TTR during the study period.

Mean TTR values for different indications
were compared, as shown in Table 2. When using
the European therapeutic range, the mean TTR with
an indication for AF was significantly higher than
both the mean TTR with an indication for PHV
(P<0.001) and the mean TTR with an indication for
AF and PHV (P<0.001). When using the Japanese
therapeutic range, the mean TTR with an indication
for AF was also significantly higher than the mean
TTR with an indication for both AF and PHV
(P<0.001). The mean TTR values were significantly
higher when using the Japanese therapeutic range
than when using the European therapeutic range
within each indication category.

TABLE |. Demographics and indications for warfarin using European and Japanese therapeutic ranges*

Overall (n=259)

European therapeutic range

Japanese therapeutic range

Ideal TTR Non-ideal TTR P value Ideal TTR Non-ideal TTR P value
(n=20) (n=239) (n=32) (n=227)
Demographics
Age (years) 67.9+10.4 67.8+9.9 67.9+104 0.973 68.8 +11.3 67.8 +10.2 0.612
Male sex 126 (48.6%) 11 (55.0%) 115 (48.1%) 0.554 19 (569.4%) 107 (47.1%) 0.195
Indication for warfarin 0.009 0.184
AF 127 (49.0%) 17 (85.0%) 110 (46.0%) 21 (65.6%) 106 (46.7%)
PHV 52 (20.1%) 1(5.0%) 51 (21.3%) 6 (18.8%) 46 (20.3%)
Both AF and PHV 63 (24.3%) 1(5.0%) 62 (25.9%) 4 (12.5%) 59 (26.0%)
Neither AF nor PHV 17 (6.6%) 1(5.0%) 16 (6.7%) 1(3.1%) 16 (7.0%)
Abbreviations: AF = atrial fibrillation; PHV = prosthetic heart valve; TTR = time in therapeutic range
* Data are shown as mean * standard deviation or No. (%), unless otherwise specified
TABLE 2. TTR with different indications for warfarin using European and Japanese therapeutic ranges
European therapeutic range Japanese therapeutic range P valuet
Mean TTR SD P value* Mean TTR SD P value*
Indication for warfarin <0.001 <0.001
AF 48.0% 16.3% 53.4% 16.3% <0.001
PHV 30.5% 13.9% 48.0% 14.5% <0.001
Both AF and PHV 32.0% 13.6% 42.9% 15.2% <0.001
Neither AF nor PHV 41.9% 14.7% 43.0% 14.3% <0.001
Abbreviations: AF = atrial fibrillation; PHV = prosthetic heart valve; SD = standard deviation; TTR = time in therapeutic range
* One-way analysis of variance, comparing mean TTR values within each therapeutic range
T Paired t test, comparing mean TTR using European and Japanese therapeutic ranges
Hong Kong Med J | Volume 26 Number 4 | August 2020 | www.hkmj.org 297
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Predictors of suboptimal time in therapeutic
range

Patients were divided into four quartiles according
to their TTR, using the European therapeutic range
(Table 3). Predictors were determined by performing
regression across the four quartiles. Adjusted odds
ratios (ORs) for poor TTR were calculated. The
results showed that younger age was associated with
worse TTR, as were concurrent use of furosemide,
famotidine, or simvastatin.

Impact of time in therapeutic range on
clinical outcome

Clinical outcomes were compared between the
two therapeutic ranges (Table 4). Of the 259 patients,
35.9% experienced complications. Of the 39 patients
with thrombotic events, 41.0% had recurrent
non-ST-elevation myocardial infarction and
33.3% had stroke. Among patients with bleeding
complications, 68.8% experienced minor bleeding.
Patients with ideal TTR had significantly fewer
overall complications and bleeding complications,
compared with patients with non-ideal TTR, in
both European and Japanese therapeutic ranges.
All patients who had complications were those with

TABLE 3. Predictors of poor TTR using European therapeutic range*

non-ideal TTR, using the European therapeutic
range. When patients were further stratified
into quartiles based on TTR using the European
therapeutic range, TTR exhibited statistically
significant associations with each tested clinical
outcome (Table 5).

Impact of time in therapeutic range on
economic outcome

Healthcare costs are expressed in terms of US$ per year
(US$1=HK$7.8), as shown in Table 4. When including
all services related to warfarin, average patient
costs were US$809.9/year. In terms of economic
outcomes, the INR examination, clinical visit, and
total healthcare costs were significantly lower for
patients with ideal TTR when using either European
or Japanese therapeutic ranges. Using the Japanese
therapeutic range, patients with ideal TTR also
had lower hospitalisation costs. When using the
European therapeutic range, healthcare provider
costs increased by US$530.1/year for each patient
with non-ideal TTR.

Knowledge assessment
In total, 174 patients completed the OAK test, with

Quartile 1 (h=65) Quartile 2 (n=65) Quartile 3 (h=65) Quartile 4 (n=64) aOoR for poor TTR P value
(95% CI)
TTR, range 0%-27.8% 27.9%-38.5% 38.5%-50% 50.0%-93.3%
Demographics
Age 64.9 + 10.0 67.2 +10.8 70.4 +£10.3 69.0 £ 9.7 0.94 (0.92-0.97) <0.001
Male sex 35 (563.8%) 26 (40.0%) 28 (43.1%) 37 (567.8%) -
Medical history
Hypertension 23 (35.4%) 28 (43.1%) 29 (44.6%) 27 (42.2%) -
Heart failure 28 (43.1%) 31 (47.7%) 24 (36.9%) 23 (35.9%) -
Thyroid disorder 8 (12.3%) 7 (10.8%) 4 (6.2%) 8 (12.5%) -
Liver dysfunction 11 (16.9%) 11 (16.9%) 3 (4.6%) 9 (14.1%) -
Diabetes mellitus 17 (26.2%) 22 (33.8%) 24 (36.9%) 15 (23.4%) -
Medication
Aspirin 22 (33.8%) 26 (40.0%) 32 (49.2%) 9 (14.1%) 1.72 (0.98-3.03) 0.059
Furosemide 47 (72.3%) 41 (63.1%) 32 (49.2%) 26 (40.6%) 2.61 (1.63-4.21) <0.001
Carvedilol 9 (13.8%) 12 (18.5%) 15 (23.1%) 4 (6.3%) -
Diltiazem 8 (12.3%) 8 (12.3%) 6 (9.2%) 12 (18.8%) -
Diclofenac 4 (6.2%) 6 (9.2%) 6 (9.2%) 6 (9.4%) 0.54 (0.24-1.22) 0.139
Famotidine 39 (60.0%) 43 (66.2%) 39 (60.0%) 27 (42.2%) 1.68 (1.04-2.73) 0.035
Senna 29 (44.6%) 25 (38.5%) 24 (36.9%) 17 (26.6%) -
Pantoprazole 25 (38.5%) 22 (33.8%) 20 (30.8%) 1(17.2%) 1.63 (0.99-2.71) 0.057
Lisinopril 28 (43.1%) 7 (41.5%) 7 (41.5%) 9 (29.7%) -
Simvastatin 34 (52.3%) 29 (44.6%) 32 (49.2%) 9 (29.7%) 1.67 (1.00-2.78) 0.048

Abbreviations: 95% Cl = 95% confidence interval; aOR = adjusted odds ratio; TTR = time in therapeutic range

* Data are shown as
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mean * standard deviation or No. (%), unless otherwise specified
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TABLE 4. Clinical and economic outcomes using European and Japanese therapeutic ranges*

Overall

European therapeutic range

Japanese therapeutic range

(=259) \jeal TTR

(n=20)

Non-ideal
TTR (n=239)

Non-ideal
TTR (n=227)

OR (95% CI) P
value

Ideal TTR OR (95% CI) P
(n=32) value

Clinical outcomes
Complications 93 (35.9%) 0
Thrombotic events 39 (15.1%) 0

Bleeding 64 (24.7%) 0

complications

Economic outcomes
(US$)

INR examination
costs

105.8 +332.3
23.1 £52.0

2.7+121
03+1.2

Procedure costs

Hospitalisation

costs
Clinical visit costs 38.7 £22.5 30.4 +12.3

Total healthcare
costs

93 (38.9%)
39 (16.3%)
64 (26.8%)

605.8 +450.8 260.5 + 87.4 634.8 +458.0 0.56(0.43-0.74) <0.001

114.4 + 3446 0.40 (0.07-2.23)
25.1 £53.7 <0.01(<0.01-2.16) 0.061

39.4 +23.0
809.9 + 630.5 320.9 + 101.6 851.0 + 639.1

- 0.001
= 0.0511
- 0.005t

0.006
0.076
0.042

4 (12.5%)
1(3.1%)
3(9.4%)

89 (39.2%)
38 (16.7%)
61(26.9%)

0.22 (0.08-0.65)
0.16 (0.02-1.21)
0.28 (0.08-0.96)

303.7 +100.4 648.5 + 465.7 0.70 (0.60-0.83) <0.001

0.296 7.7+23.0

3.0+76

0.148
0.015

119.7 + 352.9 0.71 (0.44-1.13)
26.0 +54.9 0.05 (0.002-0.55)

0.03 (0.001-0.47) 0.013 30.6+11.1  39.9+23.4 0.03(0.002-0.26)
0.61(0.47-0.78) <0.001 373.8 +122.2 871.7 + 649.0 0.75 (0.66-0.86)

0.002
<0.001

Abbreviations: 95% CI = 95% confidence interval; INR = international normalised ratio; OR = odds ratio; TTR = time in therapeutic range
* Data are shown as mean * standard deviation or No. (%), unless otherwise specified. Unless specified, P value was calculated for OR
T Fisher's exact test, comparing counts across ideal TTR and non-ideal TTR groups

TABLE 5. Clinical outcomes of four quartiles using European therapeutic range*

Quartile 1 (n=65)

Quartile 2 (n=65)

Quartile 3 (n=65) Quartile 4 (n=64) P value

Clinical outcomes
Complications 32 (49.2%)
11 (16.9%)

25 (38.5%)

Thrombotic events

Bleeding complications

30 (46.2%)
14 (21.5%)
20 (30.8%)

<0.001
0.027
<0.001

21 (32.3%)
12 (18.5%)
11 (16.9%)

10 (15.6%)
2 (3.1%)
8 (12.5%)

* Data are shown as No (%), unless otherwise specified. Patients with TTR in Quartile | were considered to have poor warfarin
control. Mantel-Haenszel Chi squared test for trends was used to test the significance of the outcome effect across four quartiles

a mean score of 54.1% correct for the 19 questions
used in our version of the test. The mean duration
of warfarin therapy for this subgroup of patients
during the study period was 4.8+1.4 years. Only
24 (13.8%) patients achieved the satisfactory overall
test score of >75%. Of the 19 questions in the test,
only four were answered correctly by >70% of
respondents (Table 6).

Multiple linear regression revealed that
respondents with older age (adjusted p=-0.17;
95% confidence interval [CI]=-0.23 to -0.11;
P=0.001) or co-morbid diabetes (adjusted p=-1.21;
95% CI=-2.29 to -0.12; P=0.03) were more likely
to have low scores on the OAK test. In contrast,
respondents  with  co-morbid  hypertension
(adjusted P=1.68; 95% CI=0.56-2.80; P=0.004) or
co-morbid thyroid dysfunction (adjusted (=2.38;
95% CI=0.80-3.97; P=0.003) were more likely to
have high scores on the OAK test. Respondents with

Hong Kong Med J | Volume 26 Number 4 | August 2020 | www.hkmj.org

better TTR tended to be more likely to have high
scores on the OAK test, although this difference
was not statistically significant (adjusted p=2.73;
95% CI=-0.21-5.68; P=0.069).

Discussion
Status of warfarin control in Hong Kong

The mean TTR observed in our study was lower
than that observed in studies performed in Western
nations. A meta-analysis of 40 studies using the
European therapeutic range identified a mean
TTR of 75.2% after 4 to 12 months of warfarin
management.”?> A study focusing on warfarin use
in Japanese patients using the Japanese therapeutic
range showed an overall TTR of 69.7% in patients
with non-valvular AF* Studies in Hong Kong
showed that the mean TTR for target INR of 2.0
to 3.0 in patients with AF improved from 24.2%
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TABLE 6. Results of oral anticoagulation knowledge test

Answered Do not know
correctly
Q1. Consequence of a PT/INR value above target range 28.2% 16.7%
Q2. Ability to distinguish among different strengths of warfarin 81.6% 17.2%
Q8. Condition to seek medical attention 69.0% 28.7%
Q4. Eating a large amount of leafy green vegetables while taking warfarin 50.6% 30.0%
Q5. Type of vitamin which interacts with warfarin 44.8% 51.7%
Q6. Significance of drug-drug interactions with warfarin 35.6% 21.3%
Q7. Knowledge concerning PT/INR test 83.3% 8.6%
Q8. Indications for warfarin 82.8% 10.9%
Q9. Consequences of a PT/INR value below therapeutic range 52.3% 23.6%
Q10. Knowledge concerning drug-drug interactions of warfarin with aspirin or NSAIDs 21.8% 54.6%
Q11. Condition to seek medical attention 50.6% 17.8%
Q12. Consequences of skipping dose 25.3% 44.8%
Q13. Effects of alcohol during taking warfarin 55.8% 36.2%
Q15. Knowledge concerning monitoring for bleeding signs 70.7% 13.8%
Q16. Management for missing dose 48.9% 28.2%
Q17. Knowledge concerning food-drug interactions 68.4% 4.6%
Q18. Precautions before PT/INR check 55.8% 35.6%
Q19. Knowledge concerning interactions of over-the-counter products with warfarin 55.2% 28.2%
Q20. Consequence of a PT/INR value above target range 471% 24.1%

Abbreviations: NSAIDs = nonsteroidal anti-inflammatory drugs; PT/INR = prothrombin time and international normalised ratio

to 39.7% in the past decade.?* Our study showed
better warfarin control in patients with AF (mean
TTR=48.0%), compared with past local data;
however, the rate of control remains unsatisfactory.
A prior retrospective study demonstrated a mean
TTR of 72.5% in Swedish patients with mechanical
heart valve prosthesis; another study showed that
the mean TTR was 47.48% in Malaysian patients
with mechanical heart valve(s) replacement.?*?” The
mean TTR in patients with PHV in this study was
30.5%, which was lower than the previously reported
rate. Our study also demonstrated that warfarin
control was worse in patients with PHV than in
patients with AF.

The lower TTR in Hong Kong, compared
with that in Western nations, could be attributed
to ethnicity. Geographical differences in the genetic
polymorphism profile between Hong Kong and
Western nations could lead to differences in warfarin
metabolism and warfarin dosing.?® Moreover,
previous evidence suggests that individuals of
East Asian ethnicity are more likely to experience
intracranial ~ haemorrhage, = compared  with
individuals of Caucasian ethnicity (in that study,
“white race/ethnicity”) who exhibit comparable
levels of warfarin control.?® Notably, the possibility
that physicians targeted a lower INR range in Hong
Kong could not be ruled out in this study.

European versus Japanese therapeutic range

The overall predictive abilities of European and
Japanese therapeutic ranges were similar. The
calculated ORs for each economic outcome across
European and Japanese therapeutic ranges were
similar, with the exception of procedural and
hospitalisation costs. For clinical outcomes, ORs
could not be calculated to compare ideal TTR
with non-ideal TTR, given that there were no
complications in the ideal TTR group. However,
there were complications in the group with ideal
TTR based on the Japanese therapeutic range. The
ORs calculated showed that the Japanese therapeutic
range could be used to predict clinical outcomes.
Notably, a lower INR target can be established
in Hong Kong. However, a larger, well-designed
randomised controlled trial is needed to establish
non-inferiority in terms of clinical outcomes, as well
as superiority in terms of economic outcomes, when
using the Japanese therapeutic range.

Impacts of time in therapeutic range on
outcomes

The level of warfarin control has been associated
with clinical outcomes. A systematic review of
47 studies revealed that TTR was negatively correlated
with major bleeding and thromboembolic events.*
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Our results were consistent in demonstrating an
association of TTR with clinical outcome, which
indicated that patients with worse TTR were
more likely to experience overall complications,
thrombotic events, and bleeding complications.
Moreover, TTR has been associated with economic
outcomes. A previous study in the US showed that
patients with AF whose TTR was <60% had higher
total healthcare and stroke-related costs.®' Our study
demonstrated similar results, using a TTR cut-off of
70%. With better warfarin control, corresponding
healthcare expenses can be reduced; many such
expenses are borne by the government.

Predictors for suboptimal time in therapeutic
range

Predictors for suboptimal TTR have been
investigated in previous studies. Notably, heart
failure has been highly associated with poor
warfarin control®?; however, this association was
not supported by our findings. In contrast, our study
showed that younger patients were more likely to
have poor TTR. This association might be related to
improved medication adherence in older patients,
because of better health consciousness among
those individuals.?*** Concurrent use of furosemide,
famotidine, or simvastatin (in combination with
warfarin) was associated with poor TTR. Despite
common concurrent use of simvastatin and warfarin,
the anticoagulant effect of warfarin is reportedly
8% to 15% stronger in simvastatin-treated patients,
due to the CYP 2C9*3 polymorphism.* Regarding
concurrent use of warfarin and pantoprazole,
altered warfarin absorption and metabolism have
been observed during in vitro studies of proton
pump inhibitor treatment®; however, there is a
lack of supporting clinical evidence.** Our study
showed a tendency for enhanced likelihood of
poor TTR control in patients with concurrent use
of pantoprazole, although this association was not
statistically significant. Thus, the influence of proton
pump inhibitor use on warfarin control remains
unclear. Patients with concurrent use of aspirin and
warfarin exhibited a tendency for enhanced risk of
poor TTR; this association was also not statistically
significant. We noted a considerable reduction in
the number of patients in the fourth TTR quartile
(14.1%), compared with the other three groups
(range, 33.8-49.2%). Concurrent use of aspirin and
warfarin is known to enhance the risk of major
bleeding, which could cause physicians to approach
anticoagulation control more conservatively.”
Furthermore, the use of aspirin and poor TTR have
both been independently associated with higher
bleeding risk, while poor TTR has been regarded as
an independent contributor to all-cause mortality.*
Therefore, regardless of the concurrent use of
aspirin, optimal TTR should be achieved with regard

& Warfarin control in Hong Kong clinical practice &

to the appropriate INR therapeutic range to reduce
complications in patients receiving warfarin therapy.

Patient knowledge concerning warfarin
therapy

According to validation studies performed by
Zeolla et al,”® the mean OAK score among long-term
warfarin users was 72%. A study in Malaysia revealed
that only 11.2% of patients achieved a satisfactory
score, with a mean OAK score of 48% for the
cohort.* Similar results were achieved in our study;
the mean score was 54.1% and 13.8% of patients
achieved a score of 275%. Poor OAK score could
be attributed to restricted medical consultation
time, leading to a lack of knowledge concerning
respective diseases and medications.* Patients with
older age were more likely to have low OAK scores,
which was consistent with the findings of a previous
study that demonstrated a negative correlation
between age and warfarin knowledge.” Nonetheless,
the observed relationships of co-morbidities with
warfarin knowledge require further analyses to
establish underlying explanations.

Study limitations

This study had several important limitations. This
was a single-centre study with limited sample size
and study population distribution skewed towards
AF patients concerning warfarin indications. The
target INR range for included patients was unknown.
Notably, some physicians may have set a lower goal
of 1.5 to 2.5 in patients with higher risk of bleeding.
Patient TTR could have been affected by medication
delay or refusal due to medical procedures. The
impacts of TTR on medication costs were not
investigated because differences in available
strengths of warfarin led to various combinations
of warfarin prescriptions. Moreover, we could not
adjust for diet, use of traditional Chinese medicine
or complementary alternative medications, and
medication non-compliance as factors that may
influence warfarin control. The OAK test was
amended to fit our local practices and was not
administered to some of the recruited patients in
this study. Further validation is needed concerning
the Chinese version of the amended OAK test.

Conclusion

Warfarin use in Hong Kong patients was poorly
controlled, regardless of indication. Patients with
indications for AF had better warfarin control. Using
the Japanese therapeutic range, the level of warfarin
control remained unsatisfactory. Our study showed
that TTR could be a predictor for both economic
and clinical outcomes. Younger age was found to be
an independent predictor of poor warfarin control,
as were concurrent use of aspirin or simvastatin.
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Patients had poor knowledge concerning INR
value and interpretation. More education is needed
regarding drug-drug interactions of warfarin and
consequences of missed doses.
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