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Abstract
Background: Coagulopathy has been reported in severely ill patients with coronavirus 
disease 2019 (COVID-19). It is unclear whether outpatients with COVID-19 who are 
treated with vitamin K antagonists (VKAs) have unstable anticoagulation.
Objective: To assess the stability of VKA therapy in patients with COVID-19 through 
a case-crossover study.
Methods: Between February and July 2020, we included patients who tested positive 
for COVID-19 from two anticoagulant clinics in the Netherlands. We collected inter-
national normalized ratios (INRs) determined between 26 weeks before infection and 
12 weeks after. Time in therapeutic range (TTR) and the variance growth rate (VGR) 
were calculated within patients.
Results: Fifty-one patients with COVID-19 (mean age, 84 years) were included, of 
whom 15 (29%) were men. Mean TTR in the 26 weeks before COVID-19 was 80% 
(95% confidence interval [CI], 75-85) compared to 59% (95% CI, 51-68) in the 6 weeks 
after infection. Mean TTR difference was −23% (95% CI, −32 to −14) with a time above 
therapeutic range of 38% (95% CI, 30-47) in the 6 weeks after infection. The TTR 
rose again to 79% (95% CI, 69-89) between 6 and 12 weeks after infection. Also, VGR 
increased, with a mean increase of 4.8 (95% CI, 2.1-7.5) in the 6 weeks after infection. 
In the 26 weeks before infection, we registered 19 of 641 (3%) of INR ≥5.0 compared 
with 35 of 247 (14%) in the 6 weeks after (risk ratio, 4.4; 95% CI, 2.7-7.3).
Conclusions: COVID-19 is associated with a strong decrease in TTR and in therapeutic 
stability in patients taking VKAs. Additional monitoring in these patients is advised to 
maximize therapeutic stability.
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Essentials

•	 Quality of vitamin K antagonist therapy after coronavirus disease 2019 (COVID-19) is unknown.
•	 Between February and July 2020, we included patients with COVID-19 from two Dutch anticoagulant clinics.
•	 Time in therapeutic range was 23% lower after COVID-19, with a doubling of time above range.
•	 We encourage maintaining a strict control of international normalized ratio after COVID-19.

1  |  INTRODUC TION

The novel coronavirus disease, classified as coronavirus disease 2019 
(COVID-19), is a viral pneumonia caused by the newly discovered 
severe acute respiratory syndrome coronavirus 2 (SARS-COV-2).1,2 
As of January 6, 2021, over 80 million cases of COVID-19 have been 
reported worldwide.3

Besides primarily affecting the respiratory system, COVID-19 may 
also affect coagulation.4,5 The development of coagulopathy has been 
associated with a poor prognosis,6 and abnormal levels of coagulation 
parameters such as D-dimer and prolonged prothrombin time (PT) 
have been found in the more severely ill patients with COVID-19,7-9 
yet not in all.10-12 More than half of hospital-admitted patients with 
COVID-19 present a PT prolongation, compared with only 28% of 
patients admitted with community-acquired pneumonia.13 The mech-
anism behind these changes in coagulation parameters is currently un-
clear. Reasons include a host inflammatory response, effects of viral 
pneumonia in general, or a specific feature of SARS-COV-2 itself.14

While these abnormalities have been recorded in hospitalized 
or severely ill patients, data are lacking on coagulation measures in 
outpatient settings. In patients treated with vitamin K antagonists 
(VKAs), whose anticoagulant effect is monitored through interna-
tional normalized ratio (INR) measurement, the above-mentioned 
coagulation abnormalities could lead to unstable control of antico-
agulation. This could be highly relevant, as it might influence their 
thrombosis and bleeding risk. A recent report showed an increase 
in the number of INRs above therapeutic range during the lockdown 
period in 30 patients treated with VKAs, of whom 10 patients were 
COVID-19 positive.15 Two anticoagulation clinics reported that their 
whole population of VKA users maintained a consistent time in ther-
apeutic range during the first period of the COVID-19 pandemic, 
describing no differences with the months prior.16,17 However, no 
research has been performed specifically into stability of VKA treat-
ment in patients who are COVID-19 positive.

Our aim was to investigate the stability of anticoagulant treat-
ment with VKAs in patients with newly diagnosed COVID-19 
through a case-crossover study, in a cohort of outpatients from two 
anticoagulation clinics in the Netherlands.

2  |  METHODS

As part of the research program initiated by the Dutch COVID & 
Thrombosis Coalition,18 we collected patient characteristics from 
twoanticoagulation clinics in the Netherlands (Leiden, Amsterdam) 

from their computerized patient records, consistingof year of birth, 
sex, co-medication, year of VKA initiation, indication for VKA treat-
ment and INR target range.

2.1  |  Study population

We included outpatients aged ≥18 years treated with a VKA for any 
indication, who were registered by the anticoagulation clinic as test-
ing positive for COVID-19 between February 27, 2020, which is the 
date of the first reported COVID-19 case in the Netherlands, and 
July 10, 2020.

At the anticoagulation clinics, appointments are made to monitor 
the INR. Frequencies of appointments depend on the INR value and 
individual monitoring time: Appointments are planned at a maximum 
of 6 weeks apart, although they are routinely scheduled more often. 
At each appointment, a standardized short questionnaire is taken 
(and electronically stored) by a trained nurse to document changes 
in comedication, the occurrence of bleeding events, scheduled in-
vasive procedure, and onset of comorbidities, among which was 
COVID-19. COVID-19 was defined as a positive polymerase chain 
reaction (PCR) test for SARS-COV-2. We retrieved this information 
from the electronic patient files, and all reported positive tests were 
checked and confirmed by the anticoagulation clinics’ treating physi-
cians. We also included patients with suspected COVID-19, defined 
as patients with suspected SARS-COV-2 infection who were not 
tested at the time of data extraction, presumably due to the lim-
ited testing capacity in the Netherlands at that time. The date of 
COVID-19 positivity was defined as the day of the confirmed pos-
itive test for positive patients and the day of registered suspected 
infection for suspected patients.

2.2  |  Variables measured

To measure the INR, venous blood is drawn into vacuum tubes con-
taining 0.1-volume 0.109 mol/L trisodium citrate as anticoagulant. 
Blood is centrifuged (10 minutes at 2800 g) within 4 hours of collec-
tion, upon which the INR is measured. Another performed method 
to measure the INR is by using a point-of-care device (CoaguChek XS 
PRO, Roche Diagnostics, Basel, Switzerland).

For each included patient, INR measurements were collected 
from 26 weeks before the diagnosis of COVID-19 up to a maximum 
of 12 weeks after. The time in therapeutic range (TTR) was calculated 
by linear interpolation according to the Rosendaal method19 in three 
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different time frames: from 26 weeks before COVID-19 up to the 
date of confirmed COVID-19 positivity, from the date of COVID-19 
positivity to 6 weeks after, and from 6 weeks after COVID-19 posi-
tivity to 12 weeks after. The 6-week time window was identified as 
a sufficiently short hazard time after COVID-19, in which we would 
have been able to observe an immediate risk after infection. We 
expected that any effect of a transient risk factor for anticoagula-
tion instability, such as an acute infection, would be visible shortly 
after diagnosis. Moreover, 6 weeks is the maximum length of time 
between consecutive appointments, and therefore we would have 
been able to include at least two INR measurements for each patient. 
In addition, we considered a TTR >70% as sufficient anticoagulation 
stability, as a consensus from the European Society of Cardiology 
indicates that an average individual TTR should be >70% for optimal 
efficacy and safety outcomes while the patient is taking a VKA.20

The INR variability was assessed with two methods21,22: the 
variance growth rate (VGR) of Fihn et al and of Cannegieter et al. 
The method of Fihn et al represents the degree to which a patient’s 
achieved INR deviates from the target INR, while the method of 
Cannegieter et al evaluates the degree to which a patient’s INR de-
viates from the previous one. With this second method, a patient is 
defined as stable if the INRs are around the same value every time, 
even if this means that, for example, the INR is constantly below the 
lower limit of the therapeutic range. INR variability assessed with 
the methods of Fihn et al and Cannegieter et al were calculated for 
the three time windows mentioned above, that is, in the 26 weeks 
before, in the 6 weeks after, and between 6 and 12 weeks after the 
confirmed positivity to COVID-19.

2.3  |  Statistical analysis

We defined the 26 weeks before the infection as an unexposed pe-
riod for each patient, using a case-crossover design. This design, in 
which each patient acts as his own control, is powerful and efficient 
in minimizing possible confounding.23,24 It can be used for a tran-
sient and brief exposure, such as COVID-19, which creates a hazard 
for an acute outcome (eg, changes in INR). Therefore, we used the 
paired sample t test to compare the measures of TTR and VGR in 
the 6 weeks and between 6 and 12 weeks after the date of infec-
tion with the measures in the 26 weeks before the date of infection 
that was used as a reference category. For TTR, we also calculated 
the relative mean difference by subtracting the measurement in the 
26 weeks before infection from the measurement after infection, di-
viding it by the value in the 26 weeks prior and multiplying the result 
by 100%. Mean monitoring time of INR (ie, days between consecu-
tive INR measurements) was also calculated for the three aforemen-
tioned times frames. Furthermore, we calculated the percentage of 
INRs ≥5 and ≥8 for each time window. We calculated the risk ratios 
(RRs) and 95% confidence intervals (95% CIs) of having an INR ≥5 
or ≥8 after COVID-19, compared with the measure in the 26 weeks 
before infection. For each day before and after the index date, the 
percentage of patients in, above, and under therapeutic range was 

computed, using linear interpolation according to the Rosendaal 
methods.19 Two separate analyses were conducted: (i) including only 
patients with a confirmed COVID-19, and (ii) including also patients 
with suspicion of COVID-19.

3  |  RESULTS

3.1  |  General characteristics

Fifty-one patients were registered as positive (ie, confirmed by PCR 
testing) for COVID-19 by the anticoagulation clinic (Table 1), which is 
0.2% of the total population followed by the anticoagulation clinic dur-
ing the study period (27 853 individuals). Of those, 15 (29%) were men, 
and the mean age at the time of SARS-COV-2 infection was 84 years 
(standard deviation [SD], 11). The majority of patients were treated 
with VKAs because of atrial fibrillation (39; 76%) and the second-
most-common indication was venous thromboembolism (6; 12%). 
Patients had been taking VKAs for a median of 8 years (interquartile 
range [IQR], 4-10) before their COVID-19 diagnosis. Acenocoumarol 
was the anticoagulant used in 35 patients (69%). Moreover, 13 pa-
tients were recorded as suspected of COVID-19 at the anticoagulation 

TA B L E  1 Demographic and clinical characteristics

Patients who were 
COVID-19 positive

General

Patients, n 51

Age, mean (SD) 84 (11)

Men, n (%) 15 (29)

Years since start of treatment, median 
(IQR)

8 (4-10)

Indication for anticoagulant treatment

Atrial fibrillation, n (%) 39 (76)

Venous thromboembolism, n (%) 6 (12)

Mechanic heart valve, n (%) 4 (8)

Ischemic heart disease, n (%) 1 (2)

Vascular, n (%) 2 (4)

Other, n (%) 3 (6)

INR target range

Low (2.0-3.0), n (%) 50 (98)

High (2.5-3.5), n (%) 1 (2)

Vitamin K antagonist

Acenocoumarol, n (%) 35 (69)

Phenprocoumon, n (%) 16 (31)

Comedication

Antihypertensive, n (%) 25 (49)

Antidiabetic, n (%) 15 (30)

Antiplatelet, n (%) 4 (8)

Abbreviations: COVID-19, coronavirus disease 2019; INR, international 
normalized ratio; IQR, interquartile range; SD, standard deviation.
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clinics (Table S1). Suspect patients were slightly younger than positive 
patients (mean age, 80 years; SD, 13) and 5 were men (39%). The indi-
cation of venous thromboembolism (6; 46%) for VKA treatment was 
more prevalent among suspected as compared with positive cases, 
and the most frequently used anticoagulant in this group was phen-
procoumon (10; 77%). During the follow-up, 9 patients died (18%). 
These patients were older compared to the patients who survived 
(mean age, 88 years; SD, 8), 5 were men (56%), and the most common 
indication for anticoagulation was atrial fibrillation (7; 78%). The mean 
time until death after COVID-19 diagnosis was 12 days (SD, 6).

3.2  |  Time in therapeutic range

Mean TTR in the 26 weeks before COVID-19 diagnosis was 80% 
(95% CI, 75-85), whereas mean TTR in the 6 weeks after infection 
was 59% (95% CI, 51-68). Mean difference between the TTR calcu-
lated in the 26 weeks before and in the 6 weeks after the infection 
was −23% (95% CI, −32 to −14). Time above therapeutic range was 
38% (95% CI, 30-47) in the 6 weeks after infection, whereas time 
above therapeutic range was 17% (95% CI, 13-22) in the 26 weeks 
before (Table  2), with a mean difference of 24% (95% CI, 14-33). 
In the time frame between 6 and 12  weeks after the infection, 
mean TTR was 79% (95% CI, 69-89), with a mean difference with 
the 26 weeks before infection of −1.3% (95% CI, −13 to 10). Mean 
TTR in the 26 weeks before COVID-19 was not different in the 9 
deceased patients (80%; 95% CI, 64-95) compared with patients 
with COVID-19 who survived. Due to the short time to death after 
COVID-19 diagnosis, INR measurements were available only for 5 of 
the deceased patients after the index date. Of those, only 1 patient 
had a significant drop in TTR (from 100% to 56%), whereas for the 
remaining 4 patients, only a few INR measurements (1-4) were avail-
able and were all within the therapeutic range.

We observed that the percentage of patients in therapeu-
tic range decreased ≈9 to 11  days before the date of registered 
COVID-19, while we recorded a concomitant increase of patients 
above therapeutic range (Figure 1). After ≈30 days from the day of 
infection, the percentage of patients in therapeutic range rose again 
to values >70%.

We repeated the aforementioned analysis combining data of 
patients who were COVID-19 positive with suspected patients 
(Table S2 and Figure S1). Results were similar to the analysis on pos-
itive patients only.

3.3  |  Variance growth rate of INR

The VGR calculated according to the method of Cannegieter et al in 
26 weeks before COVID-19 was 1.4 (95% CI, 0.8-2.0) and increased 
to 5.7 (95% CI, 3.0-8.5) in the 6 weeks after infection, with a mean 
difference of 4.8 (95% CI, 2.1-7.5). Between 6 and 12 weeks from 
COVID-19, mean VGR of Cannegieter et al was 3.6 (95% CI, 0-7.4) 
with a mean increase of 2.5 (95% CI, −1.4 to 6.4) relative to 26 weeks 
before infection. Similarly, VGR calculated with the method of Fihn 
et al was 0.8 (95% CI, 0.5-1.1) in the 26 weeks before COVID-19 and 
rose to 1.9 (95% CI, 1.0-2.7) in the 6 weeks after infection, with a 
mean difference of 1.2 (95% CI, 0.3-2.0) (Table 3). The VGR of Fihn 
et al was 1.1 (95% CI, 0.2-2.0) between 6 and 12 weeks after infec-
tion, with a mean increase from 26 weeks before infection of 0.2 
(95% CI, −0.8 to 1.2). We repeated both analyses including patients 
with suspected COVID-19 and the analyses yielded similar results 
(Table S3).

3.4  |  Percentage of INR ≥5.0 and INR ≥8.0

In the 26 weeks before COVID-19 diagnosis, 641 INR measurements 
were available, whereas 247 and 154 INR measurements were avail-
able in the 6 weeks after and between 6 and 12 after, respectively. 
Per patient, a median of 1.5 (IQR, 2) INR measurements were avail-
able each month in the 26 weeks before COVID-19 diagnosis. The 
median number of INR measurements each month per patient was 
instead 2 (IQR, 2) in the first 6 weeks after diagnosis and 1.3 (IQR, 
1.7) between 6 and 12 weeks after. Mean monitoring time between 
INR was 20 days (95% CI, 17-22) in the 26 weeks before infection, 
whereas it was 15 days (95% CI, 13-18) in the 6 weeks after infec-
tion and remained 15 days (95% CI, 13–17) between 6 and 12 weeks 
after infection.

TA B L E  2 Stability of anticoagulation before and after COVID-19 in positive patients

Mean
TTR, % (95% 
CI)

Mean difference
TTR, %
(95% CI)

Relative mean
difference TTR, 
% (95% CI)

Mean
time above 
range, %
(95% CI)

Mean
difference 
time above 
range,% 
(95% CI)

Mean
time below 
range, %
(95% CI)

Mean
difference
time below range, %
(95% CI)

26 weeks before 
COVID-19

80
(75 to 85)

reference reference 17
(13 to 22)

reference 3
(1 to 4)

reference

6 weeks after 
COVID-19

59
(51 to 68)

−23
(−32 to −14)

−25
(−37 to −14)

38
(30 to 47)

24
(14 to 33)

2
(0.2 to 4)

−0.7
(−3 to 1)

6–12 weeks after 
COVID-19

79
(69 to 89)

−1.3
(−13 to 10)

5
(−11 to 21)

18
(8 to 27)

1
(−11 to 13)

3
(0.5 to 5)

0.3
(−2 to 3)

Abbreviations: CI, confidence interval; COVID-19, coronavirus disease 2019; TTR, time in therapeutic range.
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In the 26 weeks before COVID-19, 19 of 641 (3%) INR samples 
were ≥5.0 (13 patients) compared with 35 of 247 (14%) in 18 patients 
in the 6 weeks after infection (RR, 4.8; 95% CI, 2.8-8.2). Between 6 
and 12 weeks after infection, we registered 10 of 154 (6%) INRs ≥5.0 
in 7 patients (RR, 2.1; 95% CI, 1.0-4.6). Moreover, 3 of 641 (0.5%) of 
INR samples were ≥8.0 (3 patients) in the 26 weeks before the infec-
tion compared with 10 of 247 (4%) in 8 patients in the 6 weeks after 
(RR, 8.6; 95% CI, 2.4-31.2). Between 6 and 12 weeks after infection, 
we registered 6 of 154 (4%) INRs ≥8.0 in 5 patients (RR, 8.3; 95% 
CI, 2.1-32.9) (Table 4). The results of both analyses repeated adding 
suspect patients also showed a higher risk of supratherapeutic INRs 
after COVID-19 (Table S4).

4  |  DISCUSSION

The results of this case-crossover analysis showed that in patients 
using VKA treatment, 6 weeks after COVID-19, the quality of an-
ticoagulation control was lower compared to the weeks before in-
fection. Time in therapeutic range was 23% lower in patients who 
were COVID-19 positive during the 6 weeks after infection, with 
two times more INR values above therapeutic range. Interestingly, 
the mean TTR was restored between 6 and 12 weeks after infection. 
Moreover, the variability of the INR was increased in the 6 weeks 
after infection, with a more pronounced result found by the method 

of Cannegieter et a. than the method of Fihn et al. Between 6 and 
12 weeks after infection the increase in VGR was less pronounced. 
In addition, in the 6 weeks after COVID-19, we registered an almost 
five times higher proportion of INR ≥5.0 and an eight times higher 
proportion of INR ≥8.0 compared to the 26 weeks before COVID-19. 
This is clinically relevant because INRs ≥5.0 are strongly associ-
ated with a higher risk of bleeding complications,25 and withhold-
ing of VKA or even administration of an antidote can be required.26 
Between 6 and 12 weeks after infection the proportion of higher 
INRs was still increased but less prominently compared with the 
percentage in the first 6 weeks after infection. The unstable control 
of INR is reflected by the shorter mean number of days between 
consecutive INR measurements observed in the three different time 
frame. The mean monitoring time was 20 days in the 26 weeks be-
fore infection and dropped to 15 days in both the 6 weeks after and 
between 6 and 12 weeks after.

We saw that during the 26 weeks before COVID-19, the percent-
age of patients in therapeutic range was stable through time and 
sharply decreased 9 to 11 days before the actual date of registered 
COVID-19 positivity, with a concomitant increase in the percentage 
of patients above therapeutic range. This period just before the in-
fection could reflect the latency between the day of the onset of 
infection and/or symptoms and the day the results of the test for 
SARS-COV-2 were available. Another possible explanation could be 
related to the interpolation assumption, that states that INRs linearly 

F I G U R E  1 Percentage of patients 
in, above and under therapeutic range 
over time. Day 0 is the date of positive 
COVID-19 test. On the right side, a 
blow-up figure of the time frame between 
3 weeks before and after COVID-19

TA B L E  3 Variance growth rate according to Cannegieter et al and Fihn et al before and after COVID-19 in positive patients

Mean VGR
Cannegieter et al
(95% CI)

Mean difference
VGR Cannegieter et al
(95% CI)

Mean VGR
Fihn et al.
(95% CI)

Mean difference
VGR Fihn et al
(95% CI)

26 weeks before 
COVID-19

1.4
(0.8 to 2.0)

reference 0.8
(0.5 to 1.1)

reference

6 weeks after
COVID-19

5.7
(3.0 to 8.5)

4.8
(2.1 to 7.5)

1.9
(1.0 to 2.7)

1.2
(0.3 to 2.0)

6-12 weeks after
COVID-19

3.6
(0 to 7.4)

2.5
(−1.4 to 6.4)

1.1
(0.2 to 2.0)

0.2
(−0.8 to 1.2)

Abbreviations: CI, confidence interval; COVID-19, coronavirus disease 2019; VGR, variance growth rate.
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increase/decrease from one measurement to the following one. If, 
for example, the date of COVID-19 registered positivity is between 
one INR in range and one INR out of range, the linear interpolation 
would result in a high INR not only after but also before infection. At 
the end of our follow-up period, between 80 and 84 days after the 
infection, the percentages of patients in therapeutic range slightly 
decreased again, but not declining below 70%. We believe this could 
be due to the relatively low number of patients with such long fol-
low-up, as only 19 patients had an INR determination between 80 
and 84 days after infection.

Explanations for the unstable INR in previously stable patients 
during COVID-19 are probably multifactorial and difficult to identify 
clearly. The VGR assessed with the method of Cannegieter et al yielded 
the greatest mean increase, suggesting that INR instability is mainly 
caused by deviation from the previous measurement, rather than de-
viation from the target INR. A factor that could contribute to such 
instability is a change in diet during illness. A reduced intake of food 
during the illness, particularly of vitamin K–containing food, could 
have contributed to the higher number of supratherapeutic INRs.27 
Reduced vitamin K status has also been reported in patients who 
were COVID-19 positive.28 Moreover, a recent review showed that 
patients who were COVID-19 positive are frequently treated with 
antibiotics.29 Changes in prescribed medication during COVID-19, 
some of which could have interactions with VKA, could have deter-
mined the observed instability.30 In our population, 26 (50%) patients 
changed medication around the time of COVID-19 diagnosis (within 
14  days before until 14  days after the date of COVID-19–positive 
test), of whom 23 (45%) were treated with interacting medication and 
24 (47%) with antibiotics. However, mean TTR in the 6 weeks after in-
fection was lower in patients who did not initiate possible interacting 
medication (53%; 95% CI, 40-65) compared with patients treated with 
a possible interacting drug (68%; 95% CI, 57-80). Moreover, mean dif-
ference between TTR calculated in the 26 weeks before and in the 
6 weeks after was similar between patients who did not initiate pos-
sible interacting medication and patients who did (−23%; 95% CI, −41 
to −15; and −16%; 95% CI, −30 to 3). However, our limited sample size 
and the small group sizes do not allow us to draw firm conclusions 
on the contribution of interactive medication to the observed insta-
bility. In addition, nonadherence to prescribed VKA dosage during 
illness could also be a concurrent cause of deviation from the target 
INR. However, only a VKA overdosage could explain the observed 

increased rate of supratherapeutic INR. It cannot be excluded that 
SARS-COV-2 itself had an effect on anticoagulant intensity through 
its effects on coagulation parameters that are related to anticoagu-
lant control.7-9,13,31 Acute respiratory infections are a demonstrated 
risk factor for overanticoagulation,32 independently from antibiotic 
treatments33; however, their exact contribution to TTR variability has 
not been previously evaluated in the literature. Nevertheless, as it is 
not possible to disentangle which component of COVID-19 illness 
contributes to our findings, we do not mean to infer a causal relation 
between SARS-COV-2 per se and decreased TTR.

Due to our relatively small sample size and follow-up time, we 
were not able to evaluate whether the instable INR control we found 
results in higher frequency of bleeding or thrombosis. However, it is 
established that INR instability is a general risk factor for adverse 
outcomes, such as bleeding and thrombotic events.21,34,35 For an 
INR of 5.0 to 5.5, the incidence of bleeding events is estimated as 
4.8 per 100 patient-years, raising to 75 per 100 patient-years when 
the INR is ≥6.5.36 Some other limitations of our study should be 
noted. First, information on the severity of COVID-19 was not avail-
able in the electronic chart of the anticoagulation clinics. Therefore, 
we cannot comment on whether severity of disease can influence 
the instability of anticoagulation. Furthermore, presumably due to 
the strict policy of testing at the time our data were collected, some 
patients who were COVID-19 positive may not have been tested and 
were therefore not included in our analysis. This is reflected in our 
limited sample size of 51 patients who were COVID-19 positive. The 
total number of patients followed by the two anticoagulation clin-
ics was 27  853 individuals in the study period, which means that 
the 0.2% of the population followed by the anticoagulation clinic 
tested positive for COVID-19. This percentage is similar to data from 
the Netherlands: as of July 14, 2020, a total of 51 146 residents in 
the Netherlands tested positive for COVID-19 since the beginning 
of the pandemic,37 which represents 0.3% of the total population 
(17  280  397). Regardless, we expect that missing some patients 
would not have influenced our results other than possibly slightly 
lower precision. This is further supported as repeating the analysis 
including suspect patients did not change our results. In addition, 
we observed an increased frequency of INR measurements after 
COVID-19 diagnosis compared with before, which could lead to an 
increased number of out-of-range INRs due to overtesting. However, 
INR controls at the anticoagulation clinics during the first wave of 

INR ≥5.0 INR ≥8.0

High INR/all INR
(%)

RR
(95% CI)

High INR/all 
INR (%)

RR
(95% CI)

26 weeks before 
COVID-19

19/641
(3%)

Reference 3/641
(0.5%)

Reference

6 weeks after 
COVID-19

35/247
(14%)

4.8
(2.8-8.2)

10/247
(4%)

8.6
(2.4-31.2)

6-12 weeks after 
COVID-19

10/154
(6%)

2.1
(1.0-4.6)

6/154
(4%)

8.3
(2.1-32.9)

Abbreviations: CI, confidence interval; COVID-19, coronavirus disease 2019; INR, international 
normalized ratio; RR, risk ratio.

TA B L E  4 Percentage of INR ≥5.0 
and ≥8.0 before and after COVID-19 in 
positive patients
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COVID-19 were delayed as much as possible in stable patients,38 to 
reduce unnecessary contact and the risk of infection. Therefore, we 
believe that the reduced monitoring time is a consequence of the 
increased rate of INRs above range and not vice versa. A strength of 
our study is the case-crossover design through which patients are 
compared with themselves. This design strongly reduces problems 
with incomparability of groups (minimizing confounding) and with 
sampling bias otherwise introduced in selection of controls.

We showed a strong reduction of anticoagulant therapy stability 
after COVID-19 diagnosis: TTR decreased in 23% with a doubling 
of time above therapeutic range. On the basis of our results, we en-
courage maintaining a strict INR control during COVID-19 because 
of the higher incidence of supratherapeutic INRs that could increase 
the bleeding risk.
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