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Abstract

Objectives The aim of this study was to investigate the impact of concomitant long-term medication—with a focus on ACE
inhibitors and oral anticoagulation—on clinical outcomes in patients hospitalized with coronavirus disease 2019.

Methods This is a retrospective cohort study using claims data of the biggest German health insurance company AOK, cov-
ering 26.9 million people all over Germany. In particular, patient-related characteristics and co-medication were evaluated.
A multivariable logistic regression model was adopted to identify independent predictors for the primary outcome measure
of all-cause mortality or need for invasive or non-invasive ventilation or extracorporeal membrane oxygenation.

Results 6637 patients in 853 German hospitals were included. The primary outcome occurred in 1826 patients (27.5%).
1372 patients (20.7%) died, 886 patients (13.3%) needed respiratory support, and 53 patients (0.8%) received extracorporeal
membrane oxygenation. 34 of these patients survived (64.2%). The multivariable model demonstrated that pre-existing oral
anticoagulation therapy with either vitamin-K antagonists OR 0.57 (95% CI 0.40-0.83, p =0.003) or direct oral anticoagulants
OR 0.71 (95% CI1 0.56-0.91, p =0.007)—but not with antiplatelet therapy alone OR 1.10 (95% CI 0.88-1.23, p=0.66)—was
associated with a lower event rate. This finding was confirmed in a propensity match analysis.

Conclusions In a multivariable analysis, a therapy with both direct oral anticoagulants or vitamin-K antagonists—but not
with antiplatelet therapy—was associated with improved clinical outcomes. ACE inhibitors did not impact outcomes. Pro-
spective randomized trials are needed to verify this hypothesis.

Supplementary Information The online version contains
supplementary material available at https://doi.org/10.1007/s0039
2-020-01783-x.
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Graphic abstract

Impact of long-term oral anticoagulation on clinical outcomes in COVID-19
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic is
affecting people in 188 countries worldwide [1]. Glob-
ally, more than 27 million patients were tested positive for
the new severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), and more than 900,000 people deceased
from COVID-19 [1]. The first case series were reported
from the metropolitan area of Wuhan (China) [2]. Older
age, hypertension, diabetes, and cardiovascular comorbidi-
ties were found—amongst others—to be risk factors for
an unfavorable course of COVID-19 [2]. But also several
widely used drugs, such as different antithrombotic thera-
pies, may be associated with outcomes [3], as data from
autopsy studies demonstrated an excess rate of thrombo-
embolic events in COVID-19 patients [4-6].

While patient characteristics were reported from dif-
ferent countries during the SARS-CoV-2 pandemic, these
data are still sparse for Germany. In this first large-scale
German analysis, patient-related parameters and the con-
comitant medication were of interest.
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Methods
AOK database characteristics

All data are derived from the database of the Allgemeine
Ortskrankenkasse (AOK) health insurance company. The
AOK is the main German provider of statutory health
insurance for about 26.9 million people, which represents
about one-third of the whole German population. In the
present analysis, nationwide claim data for in-patient
treatment and out-patient prescriptions were used. Hospi-
tal data included patient characteristics, main diagnoses,
procedures (non-invasive and invasive ventilation, and
extracorporeal membrane oxygenation [ECMO]), com-
plications, admission date and length of hospital stay, as
well as comorbidities or death. Diagnoses were encoded
according to the International Classification of Diseases
(ICD-10) [7]. Procedures were documented using the Ger-
man version of the International Classification of Proce-
dures in Medicine (ICPM), the OPS code [8]. Healthcare
and health insurance providers follow guidelines for cod-
ing of diagnoses and procedures in German hospitals. Hos-
pital data in Germany are thoroughly checked against these
guidelines and for plausibility by hospitals and sickness
funds and returned to hospitals for correction if necessary.
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Study population

All patients registered in the AOK database who
were > 18 years of age and who were admitted to an acute
care hospital between February 1st, 2020 and April 15th,
2020 with a confirmed diagnosis of COVID-19 were eligi-
ble for study inclusion (ICD-10 U07.1). A test result was
usually considered “positive” if SARS-CoV-2 RNA was
detectable in a nasal and/or pharyngeal swab by polymer-
ase chain reaction (PCR). Only completed hospitalizations
(either “discharged”, “alive” or “deceased”) until April
28th, 2020 were analyzed.

Drug exposure

The long-term medication was assessed by claim data.
Drugs are routinely encoded according to the WHO ATC/
DDD Index 2020 (German modification) [9]. Drug expo-
sure at baseline was defined as prescription of > 90 defined
daily doses (DDDs) within 180 days prior to the index
hospitalization for COVID-19. This reflects the fact that
long-term medication is often prescribed and dispensed in
3-month supplies (90 DDDs). Consequently, a minimum
of one such prescription is to be expected during a 180-day
interval, but two may not be documented during the exact
interval, since prescriptions may be issued days or weeks
prior to being filled.

As a sensitivity analysis, drug exposure windows of 180
and 365 days were compared.

The following drug classes were monitored: antihy-
pertensive medication (angiotensin-converting enzyme
inhibitors [ACEI], angiotensin-receptor blocker [ARB],
mineralocorticoid receptor antagonists [MRA], calcium
channel blockers [CCB], 3-blockers [BB], renin inhibitors
[RI], statins, and diuretics other than MRA), antithrom-
botic medication (Vitamin K antagonists [VKA], direct
oral anticoagulants [DOACs], antiplatelet drugs), insulin
and non-insulin anti-diabetics, and immunosuppressants.
ATC-Codes that were used for the current study are shown
in online resource 1 in the online-only appendix.

Outcome measures

The primary outcome measure was defined as all-cause
mortality or need for non-invasive or invasive ventilation
(OPS codes 8-701, 8-704, and 8-706) or ECMO (OPS code
8-852).

Secondary outcome measures were all-cause mortal-
ity, invasive (OPS 8-701, 8-704), or non-invasive ventila-
tion (OPS code 8-706), need for ECMO, acute respiratory

distress syndrome (ARDS, ICD-10: J80.X), and septic
shock (ICD-10: R65.0, R65.1, R65.9, R57.2).

Potential complications during the hospitalization includ-
ing acute myocardial infarction (ICD-10: 121.X), myocar-
ditis (ICD-10: 140.X, 141.1), pulmonary edema (ICD-10:
J81.X), pulmonary embolism (ICD-10 126.X), deep vein
thrombosis (ICD-10: 180.1, 180.2, 180.3, 182.2), stroke (ICD-
10: 163.X), or need for hemofiltration (OPS code 5-553)
were identified. The data did not allow to determine if these
complications were directly related to the COVID-19 or if
they occurred independently.

Statistical analysis

Descriptive statistics including medians, interquartile
ranges (IQRs), and proportions were used to describe the
study sample. Subgroup analyses were performed for patient
age (<60 years, 6079 years, and > 80 years), as well as
for medication groups (ACEIs/ACBs, VKA, DOACs, and
antiplatelet drugs).

Multivariable logistic regression was used to model the
odds of outcomes as a function of drug exposure. Adjusted
odds ratios (OR) and 95% confidence intervals (CI) were
calculated. Patient age, gender, body mass index (BMI),
comorbidities, and immunosuppressive agents prior to the
hospital stay were included as independent variables. The
Elixhauser conditions to predict mortality from administra-
tive data were adopted for the definition of comorbidities
[10]. The definition includes 31 acute and chronic diseases
which were implemented using the coding algorithm by
Quan et al. based on ICD-10 coding [11]. Some minor devi-
ations from the Elixhauser conditions included separated
BMI categories (< 30, 30-34, 35-39,>40 kg/mz) rather than
a variable obesity. Similarly, cardiac arrhythmia was split
into atrial fibrillation and other cardiac arrhythmias. Myo-
cardial infarction and stroke were included as independent
variables. Elixhauser conditions were defined on in-patient
diagnoses. Patients with hypertension were identified by out-
patient diagnoses in at least two quarters between July 1st,
2018 and January 31st, 2020, and documented antihyper-
tensive medication prior to COVID-19 hospitalization. All
comorbidities were entered as separate dichotomous vari-
ables. A p value <0.05 was considered significant.

To further address confounding in the observational data,
a sensitivity analysis was conducted by comparing patients
with antithrombotic treatment with DOACs or VKA to a
propensity score-matched control group. A propensity score
was calculated to estimate the likelihood of antithrombotic
treatment with models that adjusted for patient character-
istics, comorbidities, and medication, as in the multivari-
able logistic regression model. According to the estimated
propensity scores, patients on oral anticoagulation were
matched to those without any antithrombotic therapy using
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a 1:1 ratio with replacement. The nearest-neighbor strategy
without caliper was used for matching. Balance of covariates
for patients before and after matching on propensity scores
was checked. The treatment effect was computed by tak-
ing the average of the difference between the observed and
potential primary outcomes for each subject. All analyses
were performed using STATA 16.0 (StataCorp LP, College
Station, Texas).

Results

In total, 6 637 patients > 18 years of age were admitted to
853 acute care hospitals all over Germany between February
Ist, 2020 and April 15th, 2020 with a confirmed diagnosis
of COVID-19.

Baseline characteristics

Altogether, 2 108 patients (31.8%) were younger than
60 years; 1,124 patients (16.9%) were 60—69 years old; 1
384 patients (20.9%) were in the age group of 70-79 years;
1,670 patients (25.2%) were 80-89 years old; and 351
patients (5.3%) >90 years. Overall, 508 patients (7.7% of
the study population) received a DOAC and 223 patients
received a VKA (3.4%). The main reason for anticoagulation
was the presence of atrial fibrillation in 501 patients (68.5%
of patients with anticoagulation). Table 1 gives an overview
of the most important baseline characteristics according to
antithrombotic medication. Online resource 2 shows detailed
patient characteristics.

Outcome measures

The primary outcome measure was met in 1 826 patients
(27.5%). The secondary outcome measure of all-cause
mortality occurred in 1 372 patients (20.7%); 839 patients
(12.6%) needed ventilatory support and non-invasive ven-
tilation was used in 119 patients (1.8%), while invasive
ventilation was applied in 720 patients (10.8%). ECMO
therapy was used in 53 patients (0.8%). An ARDS was docu-
mented in 667 patients (10.0%), and 693 patients (10.4%)
were treated for septic shock. Table 2 summarizes the most
important outcomes.

In patients with DOAC or VKA, the primary outcome
measure was met in 182 patients (35.8%) and 64 patients
(34.6%), respectively. 161 patients (31.7%) with DOAC and
56 patients (30.3%) with VKA died in hospital (Table 3).

Complications

Cardiovascular complications comprised acute myocardial
infarction in 99 patients (1.5%); 47 of them died (47.5%).
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Myocarditis was diagnosed in 13 patients (0.2%); 7 of them
died (53.8%). Pulmonary embolism was clinically detected
in 83 patients (1.3%) and deep vein thrombosis occurred in
44 patients (0.7%). Of the patients with thromboembolic
events, 32 patients died (28.1%). Pulmonary edema was pre-
sent in 6 patients (0.1%) and stroke in 72 patients (1.1%).
Hemofiltration was uncommon and became necessary in 13
patients (0.2%).

Multivariable logistic regression model to assess
for independent risk factors for the occurrence
of the primary outcome measure

The results of the logistic regression model are presented in
Fig. 1. Adjusted for age, gender, and comorbidities, patients
with DOACs (OR 0.71; 0.56-0.91) and VKA (OR 0.57;
0.40-0.83) had a lower risk for the primary endpoint, while
antiplatelet drugs showed no significant effect.

The propensity-matched sensitivity analysis for the effect
of oral anticoagulation on the occurrence of the primary
endpoint showed a median risk difference of — 0.0972
(— 0.1613 to — 0.0330) between 666 matched patients with
antithrombotic treatment with DOACs or VKA in com-
parison to the propensity score-matched control group. The
balance of covariates for patients before and after propen-
sity-score matching is shown in the online resource 2. The
standardized mean differences for each class of medication
were greatly reduced after matching.

Subsets of patients that need special consideration
Deceased patients (online resource 3)

Altogether, 1 372 patients died (20.7%). The main causes for
death were ARDS (n=316, 23.0%), septic shock (n=349,
25.4%), and myocardial infarction (n=47, 3.4%). Some
of the patients had more than one condition that was con-
sidered as a cause of death. The median age was 81 years
(IQR 76-86 years); 566 patients were female (41.3%). The
most common comorbidities were hypertension in 1 136
patients (82.8%), kidney failure in 507 patients (37.0%),
diabetes in 496 patients (36.2%), atrial fibrillation in 457
patients (33.3%), heart failure in 431 patients (31.4%), and
pulmonary circulatory disorders were present in 196 patients
(14.3%). Out of the deceased patients, 436 (31.8%) had
non-invasive or invasive ventilation. On the contrary, 936
patients (68.2%) who died were not ventilated.

Patients < 60 years of age who died or who needed
respiratory support

In total, 241 patients (3.6%) were younger than 60 years
of age. Their median age was 53 years (IQR 47-56). Their
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Table 1 Characteristics of the study population of hospitalized patients with COVID-19%* according to antithrombotic therapy

Characteristic All patients (N=6637) Without AT (N=5059) With AT
Total (N=1.578) Vitamin K DOACs (N=508) Antiplate-
antagonists let drugs
(N=223) (N=912)
Age (y), median (IQR) 70 (55-81) 65 (52-79) 79 (71-85) 80 (75-85) 80 (75-85) 79 (69-84)
Female sex, n (%) 3132 (47.2) 2475 (48.9) 657 (41.6) 95 (42.6) 256 (50.4) 330 (36.2)
BMI (kg/m?), n (%)
<30 6305 (95.0) 4817 (95.2) 1486 (94.2) 206 (92.4) 478 (93.3) 867 (95.1)
30-34 169 (2.5) 116 (2.3) 53 (3.4) 9 (4.0) 22 (4.3) 23 (2.5)
35-39 83(1.3) 64 (1.3) 19 (1.2) 1(0.4) 7(1.4) 11(1.2)
>40 82 (1.2) 62 (1.2) 20 (1.3) 7@3.1) 5(1.0) 10 (1.1)
Comorbidities**, n
(%)
Hypertension 4259 (64.2) 2802 (55.4) 1457 (92.3) 211 (94.6) 468 (92.1) 838 (91.9)
Fluid and electrolyte 2977 (44.9) 2143 (42.4) 834 (52.9) 116 (52.0) 259 (51.0) 488 (53.5)
disorders
Diabetes mellitus 1716 (25.9) 1,065 (21.1) 651 (41.3) 91 (40.8) 184 (36.2) 405 (44.4)
Uncomplicated 1263 (19.0) 838 (16.6) 425 (26.9) 61 (27.4) 132 (26.0) 247 (27.1)
Complicated™** 453 (6.8) 227 (4.5) 226 (14.3) 30 (13.5) 52 (10.2) 158 (17.3)
Cardiac arrhythmia 1484 (22.4) 741 (14.6) 743 (47.1) 174 (78.0) 372 (73.2) 239 (26.2)
Atrial fibrillation 1189 (17.9) 548 (10.8) 641 (40.6) 165 (74.0) 348 (68.5) 169 (18.5)
Other cardiac 295 (4.4) 193 (3.8) 102 (6.5) 9 (4.0) 24 (4.7) 70 (7.7)
arrhythmia
Renal failure 1300 (19.6) 754 (14.9) 546 (34.6) 98 (43.9) 150 (29.5) 321(35.2)
Congestive heart 1017 (15.3) 546 (10.8) 471 (29.8) 82 (36.8) 167 (32.9) 245 (26.9)
failure
Hypothyroidism 901 (13.6) 669 (13.2) 232 (14.7) 35 (15.7) 78 (15.4) 129 (14.1)
Chronic pulmonary 815 (12.3) 542 (10.7) 273 (17.3) 37 (16.6) 95 (18.7) 153 (16.8)
disease
Neurological disor- 438 (6.6) 285 (5.6) 153 (9.7) 17 (7.6) 46 (9.1) 94 (10.3)
ders
Peripheral vascular 374 (5.6) 166 (3.3) 208 (13.2) 28 (12.6) 56 (11.0) 147 (15.6)
disorders
Depression 345 (5.2) 255 (5.0) 90 (5.7) 11 (4.9) 25 (4.9) 57 (6.3)
Valvular disease 280 (4.2) 146 (2.9) 134 (8.5) 47 (21.1) 36 (7.1) 58 (6.4)
Coagulopathy 263 (4.0) 172 (3.4) 91 (5.8) 37 (16.6) 26 (5.1) 32(3.5)
Paralysis 224 (3.4) 127 (2.5) 97 (6.1) 5(2.2) 32(6.3) 63 (6.9)
Liver disease 205 (3.1) 156 (3.1) 49 (3.1) 6(2.7) 12 (2.4) 34 (3.7)
Pulmonary circula- 187 (2.8) 127 (2.5) 60 (3.8) 11 (4.9) 24 (4.7) 27 (3.0)
tion disorders
Solid tumor without 186 (2.8) 129 (2.5) 57 (3.6) 11 (4.9) 21 4.1) 28 (3.1)
metastasis
Iron deficiency 186 (2.8) 116 (2.3) 70 (4.4) 5(2.2) 29 (5.7) 42 (4.6)
anemia
Weight loss 173 (2.6) 117 (2.3) 56 (3.5) 8 (3.6) 14 (2.8) 37 4.1)
History of
Myocardial infarc- 205 (3.1) 80 (1.6) 125 (7.9) 13 (5.8) 16 (3.1) 102 (11.2)
tion
Stroke 177 2.7) 82 (1.6) 95 (6.0) 6(2.7) 31 (6.1) 61 (6.7)
Medications, n (%)
Antihypertensive 3977 (59.9) 2529 (50.0) 1448 (91.8) 205 (91.9) 457 (90.0) 848 (93.0)
drugs
ACEIs/ARBs 2935 (44.2) 1896 (37.5) 1.039 (65.8) 148 (66.4) 325 (64.0) 619 (67.9)
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Table 1 (continued)

Characteristic All patients (N=6637) Without AT (N=5059) With AT
Total (N=1.578) Vitamin K DOACs (N=508) Antiplate-
antagonists let drugs
(N=223) (N=912)
Other antihyperten- 1042 (15.7) 633 (12.5) 409 (25.9) 57 (25.6) 132 (26.0) 229 (25.1)
sive drugs
Immunosuppressive 311 (4.7) 200 (4.0) 111 (7.0) 15 (6.7) 37(7.3) 66 (7.2)
agents
Antidiabetic agents 1145 (17.3) 689 (13.6) 456 (28.9) 68 (30.5) 128 (25.2) 286 (31.4)
Insulin 460 (6.9) 241 (4.8) 219 (13.9) 30 (13.5) 54 (10.6) 146 (16.0)
Other hypoglycemic 839 (12.6) 531 (10.5) 308 (19.5) 50 (22.4) 92 (18.1) 187 (20.5)

agents

BMI body mass index, ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin-receptor blocker, DOAC directly acting oral anticoagu-

lants
“Positive test for COVID-19

**Double entries are possible; sorted by descending frequency; other comorbidities with a frequency <2.0% in the whole cohort are not shown
(blood loss anemia, peptic ulcer disease excluding bleeding, lymphoma, metastatic cancer, theumatoid arthritis, alcohol abuse, drug abuse, psy-

choses, and AIDS/HIV)

*#% § e., coma, ketoacidosis, and vascular disease

Table 2 Primary and secondary outcomes of hospitalized patients with COVID-19 stratified for age group

Endpoint All patients (N=6.637)

Age (y)
<60 (N=2.108)

60-79 (N=2.508) >80 (N=2.021)

Primary outcome*, n (%) 1.826 (27.5)

Secondary outcomes, n (%)
In-hospital all-cause mortality 1.372 (20.7)
Need for non-invasive ventilation 119 (1.8)
Need for invasive ventilation 720 (10.8)
ECMO 53 (0.8)
ARDS 667 (10.1)
Septic shock 693 (10.4)

241 (11.4) 698 (27.8) 887 (43.9)
59 (2.8) 484 (19.3) 829 (41.0)
23 (1.1) 51 (2.0) 45 (2.2)

165 (7.8) 389 (15.5) 166 (8.2)
31(1.5) 19 (0.8) 3(0.1)

175 (8.3) 325 (13.0) 167 (8.3)

150 (7.1) 333 (13.3) 210 (10.4)

ECMO extracorporeal membrane oxygenation, ARDS acute respiratory distress syndrome

“In-hospital all-cause mortality or need for invasive or non-invasive ventilation or ECMO implant

main comorbidities were hypertension in 112 patients
(46.5%), diabetes in 60 patients (24.9%), obesity in 32
patients (13.3%), cardiac arrhythmia in 30 patients (12.4%),
and congestive heart failure in 29 patients (12.0%).

Patients on ECMO therapy

Of the 53 patients (0.8%) receiving ECMO therapy, the
median age was 57 years (IQR 50-67); 36 patients were
male (67.9%). Overall, 19 patients died (35.8%). Time on
ECMO was <48 h in 15 patients (28.3%), 2—12 days in 25
patients (47.2%), and 12-32 days in 8 patients (15.1%). In
the age group <60 years, 31 patients received ECMO ther-
apy (58.5% of ECMO patients) and 23 patients (74.2%) of
them survived. In the age group > 60 years of age, 22 patients
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(41.5% of ECMO patients) were treated with ECMO. Their
median age was 68.5 years (IQR 64-74 years). In this age
group, 11 patients survived (50.0%).

Discussion

This is a large nationwide observational study including
more than 6 500 patients hospitalized for COVID-19 in
Germany. The all-cause mortality rate equaled 20.7%. In
patients who needed respiratory support, the mortality rate
reached 49.1%. Notably, an antithrombotic treatment with
both DOACs or VKA—but not with antiplatelet therapy—
was associated with improved clinical outcomes. The use of
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Table 3 Outcome of hospitalized patients with COVID-19 according to antihypertensive and antithrombotic medication
Endpoint Antihypertensive drugs Anti-thrombotics
All (N=3.977) ACEIs/ARBs Other hyperten- All (N=1.578) Vitamin K DOACs (N=508) Antiplate-
(N=2.935) sive drugs (only) antagonists let drugs
(N=1.042) (N=223) (N=912)
Primary outcome*, 1384 (34.8) 990 (33.7) 394 (37.8) 601(38.1) 82 (36.8) 182 (35.8) 366 (40.1)
n (%)
Secondary out-
comes, 1 (%)
All-cause mortal-  1.113 (28.8) 781 (26.6) 332 (31.9) 520 (33.0) 72 (32.3) 161(31.7) 314 (34.4)
ity
Need for non-inva- 82 (2.1) 56 (1.9) 26 (2.5) 39 (2.5) 4(1.8) 11(2.2) 25 (2.7)
sive ventilation
Need for invasive 507 (12.7) 399 (13.6) 108 (10.4) 169 (10.7) 27 (12.1) 50 (9.8) 99 (10.9)
ventilation
ECMO 31(0.8) 20 (0.7) 11 (1.1) 10 (0.6) 0 (0.0 1(0.2) 9 (1.0
ARDS 452 (11.4) 352 (12.0) 100 (9.6) 155 (9.8) 23 (10.3) 41 (8.1) 97 (10.6)
Septic shock 477 (12.0) 343 (11.7) 134 (12.9) 201 (12.7) 29 (13.0) 52 (10.2) 127 (13.9)

ACEI angiotensin-converting enzyme inhibitor, ARB angiotensin-receptor blocker, DOAC directly acting oral anticoagulants, ECMO extracor-

poreal membrane oxygenation, ARDS acute respiratory distress syndrome

“In-hospital all-cause mortality or need for invasive or non-invasive ventilation or ECMO implant

antihypertensive drugs, like ACE inhibitors or angiotensin-
receptor antagonists, did not impact outcomes.

The median age of patients hospitalized for COVID-19
was 70 years and 12.6% of patients needed non-invasive
(0.8%) or invasive ventilation (10.8%) in an intensive-care
unit. ARDS and septic shock were frequent in this patient
group, while the occurrence of acute myocardial infarction
was uncommon.

The first German patient with PCR-confirmed SARS-
CoV-2 infection was reported on 27th January 2020 [12].
As of the 18th October 2020, more than 360 000 patients
were tested positive and over 9700 patients deceased with
COVID-19 in Germany [1]. German health care authority
data suggested that only 8—10% of the patients with SARS-
CoV-2 infection needed hospitalization, while the majority
of patients experienced mild symptoms or remained asymp-
tomatic [13]. This finding highlights the sickest group of
patients who need hospitalization.

The in-hospital mortality rate is in line with the pre-
vious reports from Germany (22%) and a comparable
patient cohort from New York, where 21% of in-patients
with COVID-19 died [14, 15]. Interestingly, the majority
of deceased German patients did not receive ventilation,
which may be explained by a palliative treatment approach.
This finding is remarkable and may impact on the future
development of ICU resources. It is indeed common in Ger-
many that even old and frail patients from nursery homes are
admitted to hospital rather, than to receive pure palliation at
home as end-of-life care [16]. Older age crystallized as the
most important prognostic factor in COVID-19 patients. In

line with recent previous studies, the present analysis con-
firmed that patients with pre-existing heart failure or cardiac
arrhythmia, diabetes, obesity, organ failure, malignancies, or
neurological disorders were at a pronounced risk for adverse
outcome [17, 18]. While arterial hypertension was present in
a majority of patients, it appeared as an indicator for older
age and more frequent comorbidities rather than represent-
ing an independent risk factor.

Surprisingly, depression appeared to reduce the risk to
meet the primary outcome in the present study. Interestingly,
several antidepressants like clomipramin or fluoxetin were
suggested as a potential therapy in patients with COVID-19
to prevent neurologic complications due to their anti-inflam-
matory properties [19, 20]. Currently, a randomized trial is
aiming to recruit 2000 patients with COVID-19 to inves-
tigate the SSRI fluoxetin in this setting (NCT04377308).
However, it was beyond the aim of this study to examine the
impact of antidepressant and neuroleptic drugs on the course
of disease in COVID-19.

ACEI and ARB therapy were suspected of deteriorating
the course of COVID-19, until several large observational
studies disproved this hypothesis recently [21, 22]. Similarly,
in the German COVID-19 patient cohort, therapy with anti-
hypertensive drugs did not impact the course of the disease.

In contrast, long-term oral anticoagulation either with
DOAC:s or with VKA was independently associated with
improved outcomes. COVID-19 triggers a pro-coagulatory
state that increases the risk for thromboembolic events, and
might be highly relevant for the clinical course of disease [3,
23]. The main indication for a long-term oral anticoagulation

@ Springer



Fig. 1 Multivariable logistic regression analysis for the primary out-
come measure. CI confidence interval, OR odds ratio, BMI body mass
index, ACEI angiotensin-converting enzyme inhibitor, ARB angioten-

in the German dataset was atrial fibrillation. The risk of
adverse outcome for patients with atrial fibrillation is
enhanced independently of a therapy with VKA or DOACs.
Indeed, atrial fibrillation is a marker of more severe cardiac
disease, and frequently, atrial fibrillation is associated with
significant non-cardiac comorbidities [24]. We hypothesize
that the reduction of thromboembolic complications, in par-
ticular pulmonary embolism, might be the main driver for
the favorable outcome associated with VKA and DOACs.
However, due to the retrospective nature of this manuscript,
it was not possible to specifically investigate the exact inci-
dence of pulmonary embolism in the study population, as
not all patients underwent a thoracic computed tomography
to address this question. Therefore, the number of patients
with pulmonary embolism might be underestimated in this
real-world population.

Indeed, this is the largest dataset available so far to
investigate the benefits of a pre-existing oral anticoagula-
tion with VKA or DOACs on outcomes in COVID-19. The
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Risk Factor Adjusted OR (95% CI) P Value
Age (y) 1.04 (1.04-1.05) [ <0.001
Female sex 0.54 (0.47-0.61) - <0.001
BMI (kg/m?)

BMI < 30 1.0 (Ref.) L

BMI 30-34 1.42 (1.01-2.00) - 0.044

BMI 35-39 2.03 (1.16-3.55) -_— 0.014

BMI > 40 3.90 (2.29-6.64) _— <0.001

Comorbidities*
Liver disease 2.56 (1.76-3.71) L a— <0.001
Atrial fibrillation 1.39 (1.16-1.66) — <0.001
Other cardiac arrhythmia 1.69 (1.28-2.24) —_— <0.001
Diabetes mellitus (uncomplicated) 1.21 (1.04-1.40) —— 0.014
Diabetes mellitus (complicated) 1.48 (1.21-1.83) —— <0.001
Neurological disorders 1.37(1.08-1.73) — 0.009
Renal failure 1.18 (1.01-1.39) [~ 0.039
Pulmonary circulation disorders 2.07 (1.42-3.03) —_— <0.001
Depression 0.64 (0.48-0.86) —_— 0.003
Congestive heart failure 1.57 (1.33-1.87) —— <0.001
Metastatic cancer 2.27 (1.28-4.03) —— 0.005
Fluid and electrolyte disorders 1.83 (1.59-2.09) - <0.001
Coagulopathy 2.59 (1.88-3.58) —_— <0.001
Weight loss 1.91 (1.29-2.83) —_— 0.001

Medications
ACEIs/ARBs 1.05(0.91-1.23) - 0.497
Other antihypertensive drugs 1.10 (0.91-1.34) -Ti— 0.307
Vitamin K antagonists 0.57 (0.40-0.83) —_— 0.003
DOACs 0.71(0.56-0.91) —— 0.007
Antiplatelet drugs 1.10 (0.88-1.23) -t 0.660
Immunosuppressive agents 1.86 (1.46-2.39) —_— <0.001

sin-receptor blocker, DOAC directly acting oral anticoagulants. *Only
significant results are listed

results from the logistic regression model were confirmed
in a propensity match sensitivity analysis. In addition,
this is the first study to report that an antiplatelet therapy
does not impact the course of COVID-19. In comparison,
a study from New York analyzed data from 2773 patients
with COVID-19, of whom 28% received some kind of
systemic anticoagulation during hospitalization [25]. No
mortality difference in patients with or without systemic
anticoagulation was demonstrated [25]. Patients on anti-
coagulation were more likely to need invasive ventilation
[25]. However, there was a survival benefit for ventilated
patients on anticoagulation if compared to those who were
not anticoagulated [25]. Of note, the median time from
hospital admission to the initiation of an anticoagulation
was 2 days [25]. Importantly, the mortality risk declined
with the duration of anticoagulation [25]. These find-
ings explain why patients may benefit from a pre-existing
oral anticoagulation in COVID-19. Several prospective
studies to investigate the efficacy of oral or intravenous
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anticoagulation in COVID-19 patients are currently on
the way.

A special attention needs to be drawn to those 53
patients in the study who received ECMO therapy as a bail-
out to insufficient mechanical ventilation therapy. Overall,
the survival rate was 64%. In the patient group < 60 years,
74.2% survived, while in the age group > 60 years, 50%
survived to discharge.

Given its retrospective nature, this study has several
limitations. Although it is based on a large nationwide
dataset, variations in terms of age, gender, social status,
and morbidity amongst patients insured by different Ger-
man healthcare providers cannot be excluded. Hospital
data are of high quality, because disease codes and pro-
cedure codes are relevant for the amount of remunera-
tion and are therefore verified by hospitals and sickness
funds. Nevertheless, codes might be missing if there is no
impact on remuneration. The presented claims data do not
allow for detailed analysis of therapy changes during the
index hospitalization, as the diagnoses are documented
at the time of hospital discharge. However, it is unlikely
that patients with an indication for oral anticoagulation
would be deprived of their anticoagulants after hospital
admission. A certain proportion of patients who were not
on long-term anticoagulation before hospitalization will
have received prophylactic anticoagulation in hospital.
However, a prophylactic anticoagulation in-hospital would
not explain why an anticoagulation with DOAC or VKA
improves outcomes if compared to patients who were not
on long-term oral anticoagulation. Long-term medica-
tion was defined as prescriptions of > 90 DDDs within
180 days. As such, cases where oral anticoagulation was
stopped prior to admission for COVID-19 might have been
miss-classified. However, as oral anticoagulation is com-
monly a long-term medication, these cases are assumed
to be rare.

Moreover, autopsy results and post-mortem diagnoses
are not reflected by the claim data. Therefore, the occur-
rence of thromboembolic events may be underestimated in
this analysis, as highlighted above.

Conclusion

We present a large-scale Germany wide study to character-
ize COVID-19 hospitalizations. The main findings were
that an antithrombotic therapy with VKA or DOACs—
but not with antiplatelet therapy—was associated with
improved outcomes, while ACE inhibitors did not impact
on outcomes. Prospective randomized trials are needed to
verify this hypothesis.
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