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control of warfarin?
Kannan Sridharan

ABSTRACT

Background The literature regarding the seasonal
variation in the therapeutic response to warfarin is
somewhat contradictory, with several discrepancies.
We assessed the influence of seasons on various
pharmacodynamic indices of warfarin.

Methods A retrospective study was carried out in
adults receiving warfarin for at least 6 months. Details
of their demographic characteristics, duration and dose
of warfarin therapy and values of prothrombin time
international normalised ratio (PT-INR) were retrieved.
Standard definitions were followed for defining various
seasons, time in therapeutic range (TTR), log-INR
variability and warfarin sensitivity index (WSI). National
Institute for Health and Care Excellence (NICE) criteria
were used for defining TTR into good (=65%) and poor
(<65%) anticoagulation control.

Results Two hundred and four patients were recruited.
Only a subtle statistically significant difference was
observed between the numbers of patients in the
various PT-INR categories. However, no significant
intra-individual differences were observed in mean

TTR. Similarly, the proportion of patients with poor
anticoagulation control, high INR variability and high
WSI was not significantly different between summer,
transition period 1, winter and transition period 2.
Conclusion No clinically significant seasonal variations
were observed in the therapeutic response to warfarin.

INTRODUCTION
Warfarin is a commonly administered oral antico-
agulant in patients with thromboembolic disorders
or at high risk of such disorders. Prothrombin time
international normalised ratio (PT-INR) is used
to monitor the therapeutic effect of warfarin, and
the recommended PT-INR is between 2.5 and 3.5
for patients with mechanical heart valve replace-
ments and between 2 and 3 for other indications."
Recently, time spent in therapeutic range (TTR),
assessed using a linear interpolation technique, has
been recommended as a reliable indicator of antico-
agulation status.” In addition, variability in PT-INR
is another index indicating the extent of variation
observed in the therapeutic response to warfarin.
The warfarin sensitivity index (WSI) indicates the
therapeutic response per unit dose of warfarin.’
Several factors have been shown to impact the
therapeutic response to warfarin such as age, body
weight, smoking status, concomitant medications
and genetic factors.* Another less commonly eval-
uated factor is the seasonal influence. Contrasting
literature exists regarding the influence of seasons
on the therapeutic effect of warfarin. A study of
2326 patients found a larger proportion of patients
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with effective anticoagulation in summer compared
with other seasons.” A European study reported
lowest PT-INR values in summer and highest in
autumn, with a greater disposition to a subther-
apeutic range in summer and supratherapeutic
range in autumn.® Although the exact mechanism
for seasonal variations is unknown, several plau-
sible theories that have been put forward include
increased consumption of vitamin K-rich vegetables
during summer, increased incidence of fever due
to infections in autumn and winter that is often
associated with concomitant potentially interacting
drugs such as acetaminophen, and reduced compli-
ance during summer due to travel impacting ther-
apeutic response.” ® However, there is no concrete
evidence for the seasonal variations in the ther-
apeutic effect of warfarin, so there are no recom-
mendations from guidelines/consensus bodies. The
existing studies have several drawbacks, including
the fact that TTR, variability in PT-INR and WSI
were not evaluated, and published data to date are
available only from Western countries. In addition,
these studies have assessed the seasonal influence
only for one period, so the consistency of the find-
ings is not guaranteed. Further, the seasons in the
Middle East Asian sub-continent differ in duration
as well as in nature from those of Western nations.
High temperature in the Middle East Asia region,
particularly during summer, leads to vasodilation
predisposing to supratherapeutic PT-INR and
consequently bleeding risks.” In the same popula-
tion, we have previously evaluated the differences
in the pharmacodynamic parameters of warfarin
as well as the effect of fasting during religious
fasting.'” "' In the present study, we evaluated
the impact of various seasons on the therapeutic
response to warfarin using several pharmacody-
namic indices in our population.

METHODS

Study design and ethics

This was a retrospective analysis of patients
receiving warfarin in an anticoagulation clinic
of a tertiary care hospital. The study was carried
out between September 2019 and April 2020 as
a part of warfarin pharmacogenomics study after
obtaining approval from the Institutional Ethics
Committee.

Study procedure

Adult patients (>18 years of age) who had received
warfarin for at least 6 months were included in
this study. Details of their demographic character-
istics (age, body weight and gender), duration and
dose of warfarin therapy, and PT-INR values were
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retrieved. We calculated CHA2DS2-VASc, HASBLED and SAMe-
TT2R2 scores for each participant. Bahrain has an arid type of
climate with two well-defined seasons and two transition periods
between the seasons—namely, summer (1 June to 30 September),
transition period 1 (1 October to 30 November), winter (1
December to 31 March) and transition period 2 (1 April to 31
May).'? Only those periods were considered where there was
at least one PT-INR value for two different months. Statins,
proton pump inhibitors and amiodarone were considered as
drugs with potential interaction. PT-INR was in the therapeutic
range if it was between 2.5 and 3.5 for those who underwent
heart valve replacements and between 2 and 3 for others.'* TTR
was assessed using the Rosendaal method.” National Institute for
Health and Care Excellence (NICE) guidelines were followed
for defining TTR into good (=65%) and poor (<65%) antico-
agulation control." Overall anticoagulation control was defined
based on the TTR from the initiation of warfarin therapy until
the last follow-up. TTR was also estimated for each season. WSI
was estimated from the ratio of PT-INR on the last warfarin dose
received.” INR variability was assessed using Fihn’s index and
log-INR variability was calculated."

Statistical analysis

Descriptive statistics were used for representing the demo-
graphic variables. Age was categorised as young (<40 years);
middle-aged and older adults (40-64 years); and elderly (=65
years). Transition periods 1 and 2 were only 2months long
while summer and winter consisted of 4 months. Hence, we used
congruence transformation of the variables for normalisation,
where each value of the variable was divided by the square root
of the sum of squares of all the original values. This approach
was carried out for comparing the numbers of total, subthera-
peutic, therapeutic and supratherapeutic PT-INR values across
the seasons. The Kruskal-Wallis H test was used to compare the
variables across the seasons, and the Bonferroni correction was
applied for correcting multiple statistical testing. Normal distri-
bution curves were plotted for log-INR variability and WSI, with
those equal to and above cut-off values of mean+1SD consid-
ered to have high INR variability and high warfarin sensitivity,
respectively. A x> test for association was used to assess the cate-
gorical variables. 95% confidence intervals were estimated for
the overall WSI and TTR post hoc. SPSS version 26 (IBM Corp,
Armonk, New York, USA) was used for statistical analysis. A p
value of <0.05 was considered statistically significant.
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Figure 1 Comparison of intra-individual time in therapeutic range (TTR,

%) during seasons and mean differences in TTR between the seasons. (A)
Mean TTR across the seasons was similar. (B) Differences in the mean TTR
between the seasons were not significantly different.

RESULTS

Demographics

Two hundred and four patients were recruited; their demo-
graphic details are summarised in online supplemental table 1.
One hundred and eighty-four patients (90.2%) had atrial fibril-
lation as the indication for receiving warfarin and the remainder
had undergone heart valve replacement surgeries. Mean (SD)
TTR was 66.8 (15.8)%. Seventy-seven patients (37.6%) had
poor anticoagulation control. Mean (SD) WSI among the study
participants was 0.7 (0.4).

Seasonal variations in the TTR (%)

A total of 8157 PT-INR values were available, of which 2764
(33.9%) were carried out during summer, 1292 (15.8%) in
transition period 1, 2703 (33.1%) during winter and 1398
(17.2%) in transition period 2. TTR was assessed for 571, 347,
530 and 371 periods in summer, transition period 1, winter

Table 1 Comparison of normalised numbers of patients (median (range)) with PT-INR indices during different seasons
PT-INR category Mean (SD) TTR (%)
Seasons Subtherapeutic Therapeutic Supratherapeutic >4 (95% ClI)
Summer 0.03 (2.1) 0.13 (0.9) 0.001 (1.6) 0.00001 (1.9) 68.2 (29.5)
(65.8 to 70.63)
Transition period 1 0.0001 (1.8) 0.12 (0.5) 0.001 (0.7) 0.00001 (0.2) 65.2 (36.6)
(61.9 to 64)
Winter 0.02 (1.4) 0.14(0.7) 0.001 (1.5) 0.00001 (1.5) 64.9 (29.3)
(62.4 t0 67.4)
Transition period 2 0.0001 (1) 0.1 (0) 0.001 (1) 0.00001 (1) 67.5 (36)
(63.8t071.2)
P values 0.0001*t 0.09 0.0001*# 0.005*§ 0.03*9|

*Statistically significant.

tComparisons between all the periods except between summer and winter were significantly different in the post hoc test.
tComparisons between all the periods were significant except between summer and winter and between transition period 2 and winter.
§Comparisons between winter and summer and between transition periods 1 and 2 were significantly different.

fiComparison between transition periods 1 and 2 were significantly different.

PT-INR, prothrombin time international normalised ratio; TTR, time in therapeutic range.
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Figure 2 Comparison of distributions of average log-INR variability
between the seasons. The stacked histogram shows the log-INR variability
during each season.

and transition period 2, respectively, among the study partici-
pants. Table 1 shows the comparisons of TTR, number of times
PT-INR was in therapeutic, supratherapeutic and subtherapeutic
range and number of times PT-INR was >4 during the various
seasons across the study participants. Only subtle differences
were observed in the normalised numbers for various categories
of PT-INR between the seasons. Two hundred and thirty-four
(41%), 141 (40.6%), 245 (46.2%) and 145 (39.1%) periods
were observed with poor anticoagulation control as per NICE
criteria during summer, transition period 1, winter and transition
period 2, respectively, and the proportions were not significantly
different. Intra-individual mean TTR was observed to be similar
across the seasons to the differences in TTR between the seasons
(figure 1), and the differences were not statistically significant.
Similarly, mean (SD) intra-individual TTR was 23.2 (13.8)%,
23.8 (14.5)%, 30.8 (22)% and 28.9 (21.1)% during summer,
winter, transition period 1 and transition period 2, respectively,
which were not significantly different. No significant differences
were observed in the TTR during the various seasons between
those with the target INR of 2-3 and those with 2.5-3.5 (online
supplemental figures 1 and 2). Similarly, no significant differ-
ences were observed in the TTR between men and women (66.6
(16.1)% and 67 (15.6)%, respectively).

Seasonal variations in the PT-INR variability

Mean (SD) average log-INR variability in summer, transition
period 1, winter and transition period 2 were —0.83 (0.24),
-0.87 (0.26), —0.88 (0.25) and —0.9 (0.27), respectively, and
were not significantly different. Comparisons of the distribu-
tions of average log-INR variability between different seasons
are shown in figure 2. The cut-off threshold values for defining
individuals with high INR variability was similar across the
seasons: 32 (15.8%), 32 (17.5%), 26 (13.2%) and 31 (15.7%)
had high INR variability in the summer, transition period 1,
winter and transition period 2, respectively, which was not
significantly different.

Cut-off threshold was 1.12 for summer;
200 1,08 for transitin period 1; 1.03 for winter;
and 1.13 for transition period 2
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Figure 3 Comparison of distributions of average warfarin sensitivity
index (WSI) between the seasons. The stacked histogram shows WSI during
each season.

Seasonal variations in WSI

Mean (SD) average WSI in summer, transition period 1, winter
and transition period 2 were 0.69 (0.43) (95% CI 0.63 to 0.75),
0.67 (0.41) (95% CI 0.63 to 0.71), 0.63 (0.4) (95% CI 0.59
to 0.67) and 0.68 (0.46) (95% CI 0.64 to 0.73), respectively,
which were not significantly different. Comparisons of distri-
butions of average WSI between different seasons are shown in
figure 3. Similar cut-off values were observed for defining high
WSI between the seasons: 22 (10.9%), 27 (14.7%), 29 (14.6%)
and 22 (10.9%) were observed with high WSI during summer,
transition period 1, winter and transition period 2, respectively,
which was not significantly different.

Mean (SD) average WSI for patients with non-valvular atrial
fibrillation was 0.66 (0.4) and 0.7 (0.5) for those with heart valve
replacement surgery. No significant differences were observed in
either of these categories between the various seasons (figures 4
and 5). Men had a significantly lower WSI than women (0.6
(0.4) vs 0.7 (0.4); p=0.04); however, no significant seasonal
variations were observed between the sexes (online supple-
mental figures 3 and 4).

DISCUSSION

We analysed the differences in seasonal influences on the thera-
peutic response to warfarin in 204 patients. Only a subtle statis-
tically significant difference was observed between the numbers
of patients in the various PT-INR categories. However, no signif-
icant intra-individual differences were observed in mean TTR.
Similarly, the proportion of patients with poor anticoagulation
control, log-INR variability and WSI were not significantly
different between summer, transition period 1, winter and tran-
sition period 2.

The first study evaluating the seasonal influence of the thera-
peutic effect of warfarin was from Europe in a large cohort which
found a significant difference between summer and autumn
seasons but the mean PT-INR was 2.7 and 3.1, respectively.®
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Figure 4 Comparison of average warfarin sensitivity index (WSI) across
the seasons in patients with non-valvular atrial fibrillation. The stacked
histogram shows the WSI observed during each season among patients
with the target prothrombin time international normalised ratio (PT-INR) of
2-3.

Although a recent study in patients who had undergone mechan-
ical heart valve replacement surgery, presented in a conference
abstract, observed statistically significant reductions in the
PT-INR from summer to winter, the absolute fall in the PT-INR
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winter; and 1.27 during transition
period 2
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Figure 5 Comparison of average warfarin sensitivity index (WSI) across
the seasons in patients who had undergone heart valve replacement
surgery. The stacked histogram shows the WSI observed during each season
among patients with the target prothrombin time international normalised
ratio (PT-INR) of 2-3.

was from 2.8 to 2.6, which was not clinically significant.'®
Corroborating this, an increased incidence of cardioembolic
events has been reported in patients with atrial fibrillation during
winter.”” Another study in patients receiving warfarin showed
an increased incidence of bleeding episodes during summer and
increased embolic attacks during winter.'® Similarly, Telman et al
found that patients with acute ischaemic stroke had the highest
mortality during the winter season,"” while Stout and Craw-
ford found that plasma fibrinogen concentrations were 23%
higher during the winter season.’’ On the other hand, Oberg
et al found the incidence of ischaemic stroke to be significantly
higher in the summer season in general.”! However, in that study
fewer than one-tenth of patients were receiving coumarin anti-
coagulant. A recent systematic review evaluating the impact of
influenza vaccination in winter on the therapeutic response to
warfarin was inconclusive and did not indicate any consistent
effect.”” In addition to the reasons theorised earlier to explain
the seasonal variation in the therapeutic response, exposure of
warfarin tablets to high temperature during summer, even for
short periods, may reduce the potency of the drug. However,
a study from the Caribbean did not find any such difference in
warfarin tablets during the summer season,” but this may not be
applicable to our population as the temperature in the Caribbean
is around 28°C while, in the Middle East, it is around 50°C.
Hence, further in vitro/in vivo studies are needed to confirm or
refute the influence of temperature. A recent study in an emer-
gency department which evaluated the bleeding episodes in
patients receiving warfarin over 1 year did not find any seasonal
variation in the incidence.”* Hence, the current evidence is
inconclusive of any adverse changes in the therapeutic effect of
warfarin due to seasons, as observed in the present study. We
found that women had a higher WSI than men, corroborating
the findings of previous studies.? 2

To date, the present study is the only one that has evaluated
the seasonal influence on various pharmacodynamic indices of
warfarin of significance. Also, we have evaluated the seasonal
variation over several periods. However, the study has several
limitations: we have considered fixed dates of the years for
defining seasons, which may vary between years; and details
about thrombotic attacks, bleeding episodes and compliance
were not available.

In conclusion, no clinically significant variations were observed
in the therapeutic response to warfarin.

What this paper adds

What is already known

= Seasonal variations in the therapeutic response to warfarin
have been observed in Western populations.

= Studies are limited in not having evaluated all the clinically
significant pharmacodynamic parameters.

What this study adds

= This is the first study to evaluate the seasonal variations using
all the validated pharmacodyamic parameters of warfarin.

= Only subtle differences were observed between different
seasons in the Bahraini population.
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