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Abstract: Background. Vitamin K concentrations are inversely associated with the clinical severity of
COVID-19. The objective of this cohort study was to determine whether the regular use of vitamin K
antagonist (VKA) prior to COVID-19 was associated with short-term mortality in frail older adults
hospitalized for COVID-19. Methods. Eighty-two patients consecutively hospitalized for COVID-19
in a geriatric acute care unit were included. The association of the regular use of VKA prior to
COVID-19 with survival after 7 days of COVID-19 was examined using a propensity-score-weighted
Cox proportional-hazards model accounting for age, sex, severe undernutrition, diabetes mellitus,
hypertension, prior myocardial infarction, congestive heart failure, prior stroke and/or transient
ischemic attack, CHA2DS2-VASc score, HAS-BLED score, and eGFR. Results. Among 82 patients
(mean ± SD age 88.8 ± 4.5 years; 48% women), 73 survived COVID-19 at day 7 while 9 died. There
was no between-group difference at baseline, despite a trend for more frequent use of VKA in those
who did not survive on day 7 (33.3% versus 8.2%, p = 0.056). While considering “using no VKA” as
the reference (hazard ratio (HR) = 1), the HR for 7-day mortality in those regularly using VKA was
5.68 [95% CI: 1.17; 27.53]. Consistently, COVID-19 patients using VKA on a regular basis had shorter
survival times than the others (p = 0.031). Conclusions. Regular use of VKA was associated with
increased mortality at day 7 in hospitalized frail elderly patients with COVID-19.

Keywords: COVID-19; SARS-CoV-2; vitamin K antagonist; anticoagulation; survival; older adults

1. Introduction

The coronavirus disease 2019 (COVID-19) caused by the SARS-CoV-2 has been spread-
ing worldwide since December 2019, affecting millions of people of all ages. While the
majority of patients exhibit only mild symptoms [1], older adults have a worse prognosis,
either due to the onset of acute respiratory distress syndrome (ARDS) [2] or due to other
manifestations, including coagulopathy and thromboembolic disease [2,3].

Interestingly, previous studies have suggested that vitamin K concentrations are de-
creased in patients with COVID-19 compared to uninfected controls and are inversely
associated with the clinical severity of COVID-19 [4]. Such poor COVID-19 outcomes
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accompanying low vitamin K concentrations may be explained by the deregulation of
coagulation in the case of low vitamin K status, the increase in circulating levels of inflam-
matory cytokines, the onset of lung fibrosis, and by the promotion of comorbidities such as
hypertension or diabetes mellitus that worsen the prognosis of COVID-19 [1,5,6].

In this perspective, it is noticeable that the regular use of vitamin K antagonists
(VKAs) dramatically decreases the bioavailability of active vitamin K. VKAs are drugs
commonly used for the prophylaxis and treatment of thromboembolic disease in older
adults [7,8]. However, data on COVID-19 outcomes within the patients using VKA on
a regular basis are still lacking. While VKAs are useful—but not the only drug option—
to prevent thromboembolic complications in COVID-19 [9], we are concerned about the
reduced vitamin K concentrations they cause and the possible life-threatening implications
during COVID-19. We hypothesized that, by decreasing the bioavailability of active vitamin
K, VKAs might be accompanied by reduced survival in older patients with COVID-19. The
objective of the present cohort study was to determine whether the regular use of VKA
prior to COVID-19 was associated with increased mortality compared to not using VKA
among frail older adults hospitalized for COVID-19.

2. Materials and Methods
2.1. Study Population

The GERIA-COVID study consisted of a longitudinal observational study in one
French geriatric acute care unit dedicated to COVID-19 patients during the first wave
(ClinicalTrials.gov Identifier: NCT04560608). Data of the GERIA-COVID study were
retrospectively collected from hospital records. The inclusion criteria in the study were as
follows: (1) patients hospitalized in the geriatric acute care unit of the University Hospital
of Angers, France, in March–June 2020; (2) no objection from the patient and/or relatives
to the use of anonymized clinical and biological data for research purpose. The inclusion
criteria for the present analysis were as follows: (1) diagnosis of COVID-19 with RT–PCR
and/or chest CT-scan; (2) age 80 and over; (3) data available on the regular use of VKA
and on the heart rhythm on hospital admission; (4) no introduction of VKA during the
hospitalization for COVID-19; (5) data available on the vital status within 7 days after
the diagnosis of COVID-19. Ninety-seven patients were consecutively diagnosed with
COVID-19 during the study period in the geriatric acute care unit and were recruited in
the GERIA-COVID study. Among them, 5 were aged less than 80 years, 1 had VKA started
during the hospitalization, 9 had missing data on heart rhythm. Finally, 82 patients could
be included in the present analysis.

2.2. Regular Use of Vitamin K Antagonists

The regular use of VKA (i.e., warfarin or acenocoumarol or fluindione) was noted
from family physician prescriptions and sought by questioning the patients and relatives,
regardless of the prescription period, the reason for anticoagulation and the history of the
international normalized ratio (INR).

2.3. Outcome: 7-Day Mortality in COVID-19 Patients

The main outcome was the 7-day all-cause mortality. Follow-up started from the day
of COVID-19 diagnosis for each patient and continued for 7 days or until death when
applicable. This follow-up period was covered by the hospitalization for all patients.

2.4. Covariables

Covariables were age, sex, functional abilities, history of cancer, severe undernutrition,
diabetes mellitus, hypertension, cardiomyopathy, myocardial infarction, non-sinus heart
rhythm, congestive heart failure, stroke and/or transient ischemic attack, CHA2DS2-VASc
score for atrial fibrillation stroke risk, HAS-BLED score for major bleeding risk, use of
antibiotics and/or of pharmacological treatments of respiratory disorders, and estimated
glomerular filtration rate (eGFR).

ClinicalTrials.gov
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Functional abilities prior to COVID-19 were measured from 1 to 6 (best) with the iso-
resources groups (GIR) [10]. History of hematological and solid cancers, diabetes mellitus,
of hypertension, of cardiomyopathy, of myocardial infarction, of congestive heart failure,
and of stroke and/or transient ischemic attack were noted from the medical register and
by interviewing patients, their relatives and family physicians. Severe undernutrition
was defined as serum albumin concentration < 30 g/L at the time of COVID-19 diagnosis.
The heart rhythm was analyzed from the electrocardiogram on hospital admission. All
non-sinus rhythms were identified, including atrial fibrillation. The risks of stroke and
of major bleeding in atrial fibrillation were estimated using the consensual CHA2DS2-
VASc and HAS-BLED scores, respectively [11]. The use of antibiotics (i.e., quinolones,
beta-lactams, sulfonamides, macrolides, lincosamides, aminoglycosides, among others)
and/or pharmacological treatments of respiratory disorders (i.e., beta2-adrenergic agonists,
inhaled corticosteroids, antihistamines, among others) were noted from prescriptions
during hospitalization. eGFR was estimated with the modification of diet in renal disease
(MDRD) study equation using the measure of serum creatinine concentration collected at
the time of the diagnosis of COVID-19.

2.5. Statistical Analysis

The participants’ characteristics were summarized using medians and interquar-
tile ranges (IQR) or numbers and percentages, as appropriate. Comparisons between
participants separated according to the vital status at day 7 of the diagnosis of COVID-
19 were performed using the nonparametric Mann–Whitney test or Fisher’s exact test,
as appropriate.

Weighting-based propensity scores (inverse probability weighting) were used to
balance covariables between the participants regularly using VKA and the others. All
major variables were taken into account: age, sex, severe undernutrition, diabetes mellitus,
hypertension, prior myocardial infarction, congestive heart failure, prior stroke and/or
transient ischemic attack, CHA2DS2-VASc score, HAS-BLED score, and eGFR. The balance
between groups was performed using the average treatment effect (ATE) [12]. Once the
profiles of participants were balanced between the two groups, a propensity-score-weighted
Cox proportional-hazards model was performed to determine the survival during the 7-day
follow-up according to the use of VKA prior to COVID-19.

A sensitivity analysis was also conducted in order to confirm the results obtained
with the propensity score, using a more classical approach based on multiple Cox models.
Unadjusted, partially adjusted (accounting for age, sex, functional ability and non-sinus
heart rhythm) and fully adjusted (accounting for age, sex, functional abilities, history of
cancer, hypertension, cardiomyopathy, non-sinus heart rhythm, use of antibiotics and/or
of pharmacological treatments of respiratory disorders, and eGFR) Cox regressions were
used to examine the associations of the regular use of VKA (independent variable) with
the 7-day mortality (dependent variable). Scaled Schoenfeld residuals were computed
to check the proportionality assumption. A statistical test was performed to validate the
non-proportionality combined with a plot of these residuals against time. Hazard ratios
(HR) with 95% confidence intervals (95% CI) were reported.

Finally, the relapsed time to death was illustrated by survival curves computed
without propensity score adjustment, according to Kaplan–Meier estimator.

p-Values < 0.05 were considered significant. All statistics were performed using SAS®

version 9.4 software (SAS Institute Inc.) and R (R core team, 2018).

2.6. Ethics

The study was conducted in accordance with the ethical standards set forth in the
Helsinki Declaration (1983). All participants and relatives were informed in writing and
orally of the data collection, and none objected to the use of anonymized clinical and
biological data for research purposes, as approved by the Ethics Board of the University
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Hospital of Angers, France (2020/100). The study protocol was also declared to the National
Commission for Information Technology and Civil Liberties (CNIL; ar20-0087v0).

3. Results

Eighty-two participants (mean ± SD age 88.8 ± 4.5 years; 48% women; 11% using
VKA prior to COVID-19; none using direct oral anticoagulant (DOAC); 24.4% using an an-
tiplatelet agent; none using both VKA and antiplatelet agent) were included in the present
analysis. A switch to heparin anticoagulant therapy (either low molecular weight heparin
or unfractionated heparin depending on renal function) was made for all participants using
VKA upon diagnosis of COVID-19, as recommended [13]. Finally, 73 participants survived
COVID-19 on day 7, while 9 died.

Table 1 indicates the characteristics of participants separated according to survival
at day 7. There was no between-group difference, despite a trend for more frequent use
of VKA prior to COVID-19 in those who did not survive on day 7 (33.3% versus 8.2%,
p = 0.056).

Table 1. Characteristics and comparison of COVID-19 participants (n = 82) separated into two groups according to 7-day mortality.

Total Cohort
(n = 82)

7-Day Mortality
p-Value *No

(n = 73)
Yes

(n = 9)

Demographical data
Age (years), med (IQR) 88 (85–92) 88 (85–92) 89 (87–92) 0.655

Female sex 39 (47.6) 35 (48.0) 4 (44.4) 1.000
GIR score (/6), med (IQR) 4 (2–4) 4 (2–4) 3 (2–4) 0.387

History and treatment data
History of cancer 29 (35.4) 23 (31.5) 6 (66.7) 0.061

Severe undernutrition † 25 (30.9) 20 (27.8) 5 (55.6) 0.126
History of diabetes mellitus 19 (23.2) 18 (24.7) 1 (11.1) 0.677

History of hypertension 52 (63.4) 46 (63.0) 6 (66.7) 1.000
History of cardiomyopathy 44 (53.7) 39 (53.4) 5 (55.6) 1.000

History of myocardial infarction 16 (19.5) 13 (17.8) 3 (33.3) 0.368
History of congestive heart failure 26 (31.7) 23 (31.5) 3 (33.3) 1.000

History of stroke and/or transient ischemic attack 16 (19.5) 14 (19.2) 2 (22.2) 1.000
CHA2DS2-VASc score, med (IQR) 4 (3–5) 4 (3–5) 5 (3–5) 0.957

HAS-BLED score, med (IQR) 2 (2–3) 2 (2–3) 3 (2–4) 0.111
Regular use of vitamin K antagonist prior to COVID-19 9 (11.0) 6 (8.2) 3 (33.3) 0.056

Hospitalization data
Non-sinus heart rhythm on admission 30 (36.6) 28 (38.4) 2 (22.2) 0.475

Use of antibiotics ‡ 59 (72.0) 52 (71.2) 7 (77.8) 1.000
Use of pharmacological treatments of respiratory

disorders || 9 (11.0) 6 (8.2) 3 (33.3) 0.056

Estimated glomerular filtration rate (mL/min) §,
med (IQR)

71.6 (52.8–93.1) 71.8 (53.7–92.7) 42.6 (34.2–101.4) 0.244

Data presented as n (%) where applicable; CHA2DS2-VASc score for atrial fibrillation stroke risk; GIR: iso resource groups; HAS-BLED
score for major bleeding risk; IQR: interquartile range; * between-group comparisons based on Fisher’s exact test or Mann–Whitney
Wilcoxon test, as appropriate; † serum albumin concentration < 30 g/L; ‡ quinolones, beta-lactams, sulfonamides, macrolides, lincosamides,
aminoglycosides, among others; || beta2-adrenergic agonists, inhaled corticosteroids, antihistamines, among others; § estimated using the
modification of diet in renal disease (MDRD) study equation.

After appropriately adjusting for the propensity score, the weighted Cox model found
a direct association between the regular use of VKA prior to COVID-19 and the 7-day
mortality. While considering “using no VKA” as the reference (HR = 1), the HR for mortality
in those using VKA on a regular basis was 5.68 [95% CI: 1.17; 27.53] (p = 0.0312).

The sensitivity analysis using the unadjusted, partially adjusted and fully adjusted
Cox models confirmed the results of the propensity score approach (Table S1).
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Consistently, Kaplan–Meier distributions, drawn without propensity score adjustment
in Figure 1, showed that COVID-19 patients using VKA on a regular basis had shorter
survival times than those not using VKA.

Figure 1. Kaplan–Meier estimates of the cumulative probability of COVID-19 participants’ survival according to the regular
use of vitamin K antagonist (VKA) prior to COVID-19 (n = 82).

4. Discussion

The main result of this cohort study is that, irrespective of all measured covariables,
the regular use of VKA prior to COVID-19 was associated with a lower survival rate in
hospitalized frail elderly patients with COVID-19. This novel finding calls for the careful
use of VKA in this population and to prefer anticoagulants that do not disrupt the vitamin
K cycle when there is an indication for anticoagulation. This lesson for routine practice is
consistent with current guidelines encouraging to use of DOACs first-line after age 75 [11].

To our knowledge, we provide here the first data examining the association of the
regular use of VKA prior to COVID-19 with the survival rate of COVID-19 patients. One
previous cohort study has examined the association of the use of anticoagulants (i.e., VKAs,
DOACs or heparins) prior to (and during the earliest stages of) COVID-19 with the out-
comes of COVID-19 [14]. The authors found from 3772 patients (n = 241 using anticoagu-
lants, without further clarification on the use of VKA specifically) that the anticoagulation
brought no benefit in preventing severe forms of COVID-19 and in reducing all-cause
mortality [14]. Moreover, taking into account the ongoing uncertainty regarding the role of
a procoagulant state in the pathophysiology of severe COVID-19, some have opted to use
anticoagulants as a treatment option for patients with already diagnosed COVID-19. For
instance, prophylactic heparin was used in 99 patients with COVID-19 in Wuhan, China,
and was associated with improved survival in the specific subgroup with a sepsis-induced
coagulopathy score ≥ 4 [15]. However, the rate of prophylactic anticoagulation was rather
low for some poorly defined reason [15]. In addition, the use of anticoagulants of all classes
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was associated in 4389 patients hospitalized for COVID-19 in 5 New York hospitals, with
reduced mortality and reduced use of intubation [16]. However, a significant proportion of
patients had taken more than one anticoagulant during hospitalization in this study, which
precluded a direct comparison between anticoagulants and prevented from determining
the selective effect of VKAs. Moreover, the absence of randomization in this observational
study precluded the inference that anticoagulation provided a benefit in the observed
reduction in mortality and intubation. The reasons why the patients were not treated with
anticoagulants may be related to their underlying frailty or to the concomitant presence of
severe bleeding history, thrombocytopenia or coagulopathy, all of which may alter patient
prognosis. The benefit of anticoagulation in reducing thrombotic complications should,
therefore, be weighed against the risks of adverse effects such as major bleeding, but also
the reduction of vitamin K concentrations when taking VKA. Thus, our present results
provide novel information by reporting that the long-term use of VKA prior to COVID-19
was specifically associated with increased mortality risk in COVID-19 patients, which
should be taken into account in clinical decisions and in the choice of anticoagulant.

How vitamin K status is associated with COVID-19 survival is not fully elucidated.
Four mechanisms are likely: regulation of (i) anticoagulation, (ii) lung fibrosis, (iii) inflam-
mation, and (iv) host frailty and comorbidities. First, coagulation is a complex balance
between the processes of promoting and dissolving clots. The carboxylation and biological
function of coagulation factors II, VII, IX and X depend on vitamin K. A decrease in vitamin
K leads to more severely compromised carboxylation of extrahepatic proteins than of
vitamin K-dependent hepatic proteins [17], which may paradoxically lead to thrombo-
genicity [18]. Second, vitamin K is involved, via the matrix Gla protein (MGP) [19], in the
regulation of calcifications in the arterial walls and in the lung matrix [20,21]. Since MGP
needs vitamin K to become biologically active, the under-carboxylation of MGP due to 6
weeks of treatment with VKA was associated with accelerated arterial calcification [22]. It
is also suspected that the compromise of the MGP carboxylation by VKA is involved in
the onset of idiopathic pulmonary fibrosis [23,24] since elastic fibers have a strong affinity
with calcium [25]. Of note, uncarboxylated MGP has been shown to worsen outcomes
mainly in atherosclerotic, diabetic and hemodialysis patients, in whom supplementary
vitamin K2 treatment may reduce inactive MGP levels [26]. Lung fibrosis may also be exac-
erbated with VKA by preventing the activation of anticoagulant proteins C and S, which
both have antifibrotic properties [27,28]. Third, vitamin K exerts an anti-inflammatory
effect mediated by the reduction of PGE2, COX2 and IL-6 [29]. Vitamin K deficiency due
to the use of VKA is accompanied by an increase in circulating levels of inflammatory
cytokines such as IL-6 and C-reactive protein [29]. Similarly, one recent study reported that
vitamin K deficiency in male COVID-19 patients was associated with greater IL-6 levels
in the general circulation [30]. This suggests that vitamin K deficiency may be involved
in the COVID-19 cytokine storm and related fatal outcomes, including ARDS [1]. Fourth,
reduced vitamin K status is associated with comorbidities such as hypertension, diabetes
mellitus and cardiovascular disease [1,6,30], which are known to contribute to the severity
of COVID-19 [1].

We also noted here that female sex was associated with lower 7-day mortality (Table
S1). This result is consistent with previous literature that points out a special vulnerability
of men to COVID-19 [1]. Thus, this result validates the consistency of our cohort and of
our main result, i.e., the association of the regular use of VKA with poorer survival in
COVID-19 patients.

The strengths of the present study include (i) the originality of the research question on
an emerging infection for which there is no scientifically validated treatment and in which
every effort should be made to improve the prognosis, (ii) the follow-up and the detailed
description of the participants’ characteristics allowing the use of a propensity-score-
weighted Cox proportional-hazards model to measure adjusted longitudinal associations
according to regular use of VKA prior to COVID-19, and (iii) the standardized collection
of data from a single research center. Regardless, a number of limitations also existed.
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First, the study participants were restricted to a limited number of hospitalized frail elderly
patients, with a relatively low proportion under VKA, who may be unrepresentative of
all older adults. Second, although we were able to control for important characteristics
that could modify the association, residual potential confounders may still be present such
as the serum phylloquinone concentration (which is commonly low in older adults [30]),
the dietary vitamin K intake, or the history of INR prior to and during COVID-19. Third,
the observational design of our study is less robust than an interventional study and
prevents any causal inference, even if using a propensity score, defined as the probability
of treatment assignment conditional on baseline covariables, is helpful for estimating the
effects of treatments from observational data in an unbiased way [12].

5. Conclusions

We were able to report among hospitalized frail elderly patients with COVID-19 an
increased mortality risk at day 7 associated with the regular use of VKA prior to COVID-
19. Even if the benefits of anticoagulation are indisputable for indications such as atrial
fibrillation [11], further larger prospective observational cohorts and randomized clinical
trials, preferentially on a variety of adult populations, are needed to clarify the prognosis of
COVID-19 among those using VKA on a regular basis compared to those using DOAC, and
whether there is a differential effect on the prognosis according to the time of anticoagulant
administration prior to or following the diagnosis of COVID-19. Determining whether
vitamin K supplementation has an interest in the prevention and treatment of severe
COVID-19 will also be important.

Supplementary Materials: The following are available online at https://www.mdpi.com/2072
-6643/13/1/39/s1, Table S1: Univariate and multiple Cox proportional-hazards model showing
the hazard ratio for 7-day mortality (dependent variable) according to the regular use of vitamin
K antagonist prior to COVID-19 (independent variable), adjusted for participants’ characteristics
(n = 82).
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