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ABSTRACT

Objectives SARS-CoV-2 enters cells using the ACE2
receptor. Medications that affect ACE2 expression or
function such as angiotensin receptor blockers (ARBs) and
ACE inhibitors (ACE-l) and metformin have the potential to
counter the dysregulation of ACE2 by the virus and protect
against viral injury. Here, we describe COVID-19 survival
associated with ACE-1, ARB and metformin use.

Design This is a hospital-based observational study of
patients with COVID-19 infection using logistic regression
with correction for pre-existing conditions and propensity
score weighted Cox proportional hazards models to
estimate associations between medication use and
mortality.

Setting Medical record data from the US Veterans

Affairs (VA) were used to identify patients with a reverse
transcription PCR diagnosis of COVID-19 infection, to
classify patterns of ACE inhibitors (ACE-I), ARB, beta
blockers, metformin, famotidine and remdesivir use, and,
to capture mortality.

Participants 9532 hospitalised patients with COVID-19
infection followed for 60 days were analysed.

Outcome measure Death from any cause within 60 days
of COVID-19 diagnosis was examined.

Results Discontinuation of ACE-1 was associated with
increased risk of death (OR: 1.4; 95% Cl 1.2—1.7). Initiating
(OR: 0.3; 95% Cl 0.2-0.5) or continuous (OR: 0.6; 95%

Cl 0.5-0.7) ACE-I was associated with reduced risk of
death. ARB and metformin associations were similar in
direction and magnitude and also statistically significant.
Results were unchanged when accounting for pre-existing
morbidity and propensity score adjustment.

Conclusions Recent randomised clinical trials support the
safety of continuing ACE-l and ARB treatment in patients
with COVID-19 where indicated. Our study extends these
findings to suggest a possible COVID-19 survival benefit
for continuing or initiating ACE-I, ARB and metformin
medications. Randomised trials are appropriate to confirm
or refute the therapeutic potential for ACE-I, ARBs and
metformin.

INTRODUCTION

COVID-19 caused by SARS-CoV-2 has created
a worldwide pandemic. As of 23 December
2020, over 76million people worldwide
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Strengths and limitations of this study

» Findings are based on a large hospital-based obser-
vational study providing opportunity to examine as-
sociations for ACE2 dysregulating medications with
mortality after COVID-19 infection, and to conduct
sensitivity analyses and evaluation of associations
in informative subgroups.

» Employment of logistic regression and propensity
score weighted Cox proportional hazards models
enabled correction of observed associations for pre-
existing conditions and treatment assignment.

» Residual confounding of associations due to under-
lying differences between treatment groups could
remain, despite adjustment for pre-existing condi-
tions and propensity score weighting.

» Electronic health records were the source of in-
formation for assignment of treatment group, and
determination of COVID-19 infection, mortality
and pre-existing conditions, reducing likelihood of
misclassification.

» Examination of additional coextensive medications
(beta blockers and famotidine) provided in situ con-
trol groups for the ACE2 dysregulating medications
of interest.

have been infected with 1.7million deaths.
SARS-CoV-2 enters cells using the ACE2
receptor and induces the subsequent shed-
ding of ACE2 on cells it infects, contributing
to vascular injury and inflammatory tissue
damage.' The presence of ACE2 receptors on
the surface of multiple cell types, including
lung alveolar epithelial, heart myocardial
and kidney cells, enable the virus to target
multiple organ systems.2 Thus, COVID-19
has many pathophysiologic mechanisms of
injury, including thrombosis, inflammation
and microvascular dysfunction, resulting in
stroke, myocardial infarction, heart and renal
failure, pneumonia and ischaemic injury. This
plethora of actions suggests that repurposing
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approved medications may identify therapies that can
improve outcomes.

At present, there are few specific treatments widely
available for COVID-19.>* More than 80 approved medi-
cations have been proposed as therapies for COVID-19.
For example, famotidine because of its proposed interac-
tions with viral enzymes has been proposed as a possible
therapy.”” Despite potent in vitro antiviral effects, clinical
studies of hydroxychloroquine in COVID-19 have been
disappointing.® Similarly, the antiviral drug remdesivir
has received Emergency Use Authorization from the US
FDA but has shown only limited clinical efficacy.” Medi-
cations that affect ACE expression or function such as
angiotensin receptor blockers (ARBs) and ACE inhibi-
tors (ACE-I) have the potential to counter the dysregu-
lation of ACE2 by the SARS-CoV-2 and protect against
viral injury.'’ Type 2 diabetes is a risk factor for severe
COVID-19, and improved outcomes have been proposed
in subjects taking antidiabetic agents such as the biguan-
idine drug, metformin."" Other commonly used medica-
tions might also interact with either viral enzymes or viral
mechanisms of injury reducing morbidity and mortality.

The current study uses US Veterans Affairs (VA)
medical record data to assess the association of patterns of
use of common medications on the mortality of COVID-
19. It tests the hypothesis that mortality in patients with
COVID-19 can be altered by drugs affecting the renin-
angiotensin—aldosterone system and by other commonly
used medications proposed to alter COVID-19 morbidity
and mortality.

METHODS

Setting

This study uses VA curated datasets compiled to facilitate
capture of COVID-19 infections using the Corporate Data
Warehouse (CDW) medical records data, which includes
morbidity, medications, laboratory results, demographics
and risk factors, as well as hospital course and mortality
data.

Analysis sample

All VA healthcare users with a COVID-19 infection, iden-
tified using a reverse transcription PCR (RT-PCR) assay,
were eligible for this study. As of 10 December 2020, there
were 68 678 VA patients with a positive RT-PCR test result.
To define a homogeneous study sample with unbiased
capture of medication use and mortality, veterans who
were aged 18 years and older and had been followed for
60 days since their positive test result were selected. The
sample was further restricted to patients hospitalised for
COVID-19 primarily to examine associations among the
more severe COVID-19 cases. These criteria resulted in a
final sample of 9532 veterans.

Medication use
Patients were analysed by patterns of medication use
employing four categories. (1) Not used: which was

defined as a patient who did not use a medication in 2
years prior to or in 60 days after a positive COVID-19
RT-PCR test result. (2) Taken before only: which was
defined as a patient who used a medication within the
period of 2 years before a positive COVID-19 test result
but not in 60 days after. (3) Taken after only: which was
defined as a patient with no use in 2 years prior to the
diagnosis but who was administered a medication within
the period of 60 days after a positive COVID-19 test result.
(4) Taken before and after: which was defined as a patient
who took a medication in the period of 2 years prior to
and during 60 days after a positive COVID-19 test result.
In-patient and outpatient prescriptions were analysed for
medication use. In hospital, administration of medica-
tions was analysed through VISTA in-patient medication
orders and the VA Bar Code Medication Administration
data set, which includes in-hospital administration data,
allowing confirmation of the administration of medica-
tions. VA outpatients receive medications through the VA
Consolidated Mail Outpatient Pharmacy, which provides
comprehensive data on outpatient medication data. A
2-year interval was used to classify medication use before
COVID-19 infection in order to maximise data capture
of medication use. Because admission to the hospital is
an indicator of severity of COVID-19 disease and a point
where medications are frequently changed, analyses were
restricted to hospitalised patients.

Covariates

Pre-COVID-19 diagnosis and demographic data were
calculated for the population. These included known risk
factors for COVID-19 morbidity and mortality: age, body
mass index, Charlson Comorbidity Index (CCI),12 race,
overweight at diagnosis, current smoking, past smoking,
type 2 diabetes, cardiovascular disease, hypertension,
coronary atherosclerotic heart disease, congestive heart
failure, chronic obstructive pulmonary disease, bron-
chitis, acute respiratory failure, asthma, chronic lung
disease and emphysema. Data on pre-COVID-19 diag-
noses are stored in the CDW by International Classifica-
tion of Diseases, Nineth and Tenth Revisions (ICD-9 and
ICD-10) coding. All comorbidities were classified as diag-
nosed in the medical record at any time within 2years of
COVID-19 infection.

Outcome

Death from any cause within 60 days of positive RT-PCR
test result was the outcome under observation. Death is
derived using data from a combination of Master Veteran
Index, Vital Status files and patient medical records (in
that hierarchical order). These sources include deaths
that occurred both inside and outside VA.

Statistical analysis

Statistical significance was determined by a two-tailed p
value of <0 05. Tests of differences by medication group
for continuous covariates were performed using the
analysis of variance (ANOVA) F-test and for categorical
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Figure 1 Associations of mortality with patterns of
medication use among hospitalised VA patients with
COVID-19 followed for 60 days, estimated from logistic
regression models adjusted for adjusted for age, race,
ethnicity, sex, overweight, smoking status and pre-existing
morbidity. ACE-I, ACE inhibitor; ARB, angiotensin receptor
blocker; VA, Veterans Affairs.

variables using the y” test. ORs for risk of death were esti-
mated from logistic regression and HRs from Cox propor-
tional hazards models adjusted for: age, race, ethnicity,
overweight and smoking status at index date, and for
the presence of the following pre-existing conditions
within 2years of positive COVID-19 test: diabetes, cardio-
vascular disease, hypertension, coronary atherosclerotic
heart disease, congestive heart failure, mention of heart
disease, mention of heart failure, chronic obstructive
pulmonary disease, bronchitis, acute respiratory failure,
asthma, mention of chronic lung disease, mention of
emphysema and for the CCI. Associations of death with
patterns of medication use are presented as adjusted ORs
(aORs) and adjusted HR (aHRs) bounded by 95% ClIs.
Adjusted HRs were estimated using inverse propensity
score weighted Cox proportional hazards models. To
address non-random assignment to treatment groups,
propensity scores estimating the conditional probability

3

of being in a given treatment group were calculated using
a multinomial logistic regression that included morbidity
associated with indication for treatment. Survival time
was estimated as length of hospital stay terminating in
discharge or death. The assumption of proportional
hazards was tested both graphically using Kaplan-Meier
survival curves and log(-log(survival)) curves, and
by testing scaled Schoenfeld residuals. Product terms
between each medication groupxlog(-log(survival time))
were used to test whether medication groups were time
varying. Where statistically significant time dependence
was observed, proportional hazards models were strat-
ified by survival time based on examination of survival
curves and on calculating contrasts at 5-day intervals for
medication categories with statistically significant time
dependence.

Sensitivity and supplementary analyses
Sensitivity analysis examined the persistence of associa-
tions among patients who were and were not ventilated.
The specificity of associations for ACE-Is, ARBs and
metformin were compared with beta blockers and famoti-
dine to examine whether associations were a result of
pre-existing morbidity or more severe disease, or discon-
tinuation of medication because of imminent death.
In supplementary analyses, we also examined whether
multiple medication use influenced associations. Medica-
tion associations with death were also examined among
those not admitted to the hospital in supplementary anal-
ysis to determine whether associations were different for
hospitalised versus non-hospitalised patients.

Statistical analyses were performed using SAS Enter-
prise Guide V.7.1 (SAS Institute).

RESULTS

Table 1 reports pre-COVID-19 characteristics and inci-
dents of death for hospitalised patients (n=9532) by
pattern of medication use for each medication. In partic-
ular, patients not using ARB, ACE-I, metformin or beta
blockers were younger and less likely to have higher risk
morbidity at time of COVID-19 diagnosis.

Figure 1 provides the adjusted aORs and upper and
lower CIs for associations of COVID-19 death with
patterns of medication use for each medication. Figure 2
shows corresponding survival curves for each medication
and medication group, and are consistent with associa-
tions estimated from models. Discontinuation of ACE-I
was associated with an increased risk of death (aOR: 1.44;
95% CI 1.24-1.67). Initiating (aOR: 0.28; 95% CI 0.17-
0.48) or continuous (aOR: 0.59; 95% CI 0.50-0.69) ACE-I
was associated with a reduced risk of death in hospital-
ised patients (figures 1 and 2). The pattern was similar
for ARB, which was also associated with increased risk
with discontinuation (aOR: 2.12; 95% CI 1.73-2 .59) and
reduced risk with addition (aOR: 0.54; 95% CI 0.33-0
.89) or continuous use (aOR: 0.68; 95% CI 0.56-0.82) use
(figures 1 and 2).
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Figure 2 Survival curves by patterns of medication use among hospitalised VA patients with COVID-19 followed for 60 days.
ACE-I, ACE inhibitor; ARB, angiotensin receptor blocker; VA, Veterans Affairs.

Associations for patterns of use for metformin were
similar to those for ACE-I and ARB (figures 1 and 2).
Withdrawal of metformin was associated with an increased
risk of death (aOR: 1.54; 95% CI 1.30-1.82) Initiating
metformin (aOR: 0.19; 95% CI 0.07-0.47) or continuous
use (aOR: 0.35; 95% CI 0.28-0.45) was associated with
reducing risk of death.

The results for remdesivir were not encouraging
(figures 1 and 2). Use of remdesivir was associated with
an increased risk of death (aOR: 1.48; 95% CI 1.31-
1.68). The differential associations for ACE-I, ARB and
metformin compared with those famotidine and beta
blockers (figures 1 and 2) suggest specificity and imply
that the protective effects observed for ACE-I, ARB and
metformin are not likely to be solely attributed to pre-
COVID-19 morbidity, or other unexplained reasons for
non-random treatment assignment.

Associations for patterns of ACE-I, ARB and metformin
use were not perturbed by whether or not patients
received mechanical ventilation (table 2), lending further
evidence that the observed estimates do not appear to be
explained or confounded by disease severity.

Examining patterns of ACE-I, ARB and metformin
use among patients who discontinued their beta blocker
medication compared with those who used it continu-
ously (table 3) showed associations that were comparable
to those among all patients. These results are consistent
with the notion that observed risk patterns for ACE-I, ARB
and metformin were not impacted by withdrawal of beta
blockers and a consequent loss of possible therapeutic
benefit from the beta blocker medication.

Table 4 presents results for ACE-I, ARB and metformin
estimated from inverse propensity score weighted
Cox proportional hazards models. Results show that
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Table 2 Associations of mortality with patterns of
medication use among hospitalised VA patients with
COVID-19 followed for 60 days according to mechanical
ventilation status

Table 3 Associations of mortality with patterns of
medication use among hospitalised VA patients with
COVID-19 followed for 60 days according to beta blocker
use

Received ventilation* Did not receive

(n=1315) ventilation* (n=6847)
95% 95%
Confidence Confidence
ORt limits ORt limits
ACE-I
Before only 129 094to1.77 122 1.00to1.51
After only 0.18 0.07t00.48 0.33 0.17 to 0.65
Before and after 0.57 0.42t00.78 0.55 0.441t00.69
ARB
Before only 295 1.86t04.67 155 1.171t02.07
After only 0.74 0.30t01.83 0.44 0.211t00.93
Before and after 0.88 0.59to0 1.31 0.75 0.58100.97
Metformin
Before only 1.47 1.04 to 2.08 1.03 0.80t0 1.33
After only 023 0.02t02.30 0.30 0.111t00.86
Before and after 0.29 0.18t00.45 0.44 0.321t0 0.61

*Models are stratified by whether or not patients received mechanical
ventilation within the 60 days following positive COVID-19 test result.
TORs and 95% confidence limits are estimated from logistic
regression models adjusted for age, race, ethnicity, sex, overweight
and smoking status at index date, and for the presence of the
following pre-existing conditions within 2 years of positive COVID-19
test: diabetes (type 2), CVD, HTN, CAHD, CHF, mention of heart
disease, mention of heart failure, COPD, bronchitis, acute respiratory
failure, asthma, mention of chronic lung disease and emphysema, and
for the CCI.

ACE-I, ACE inhibitor; ARB, angiotensin receptor blocker; CAHD,
coronary atherosclerotic heart disease; CCI, Charlson Comorbidity
Index; CHF, congestive heart failure; COPD, chronic obstructive
pulmonary disease; CVD, cardiovascular disease; HTN, hypertension;
VA, Veterans Affairs.

associations persisted after efforts to adjust for the proba-
bility of treatment assignment, and also that associations
were time varying. For continued use of both ACE-I and
ARB, there appears to be a diminution of the protective
effect over time, suggesting that prompt resumption of
these medications is critical.

Supplementary analysis examining associations controlled
for multiple medication use showed similar findings for ACE-
Is, ARBs and metformin. Supplementary analysis examining
associations among non-hospitalised show similar patterns of
associations for ACE-I, ARB, metformin and remdesivir with
death to those observed among hospitalised cases (online
supplemental figure 1). The consistency in results for both
groups lends validity to observed results among hospitalised
cases and suggests that associations are not a result of an arte-
fact or underlying characteristic related to being hospitalised.

DISCUSSION
The current study presents associations of mortality
with the patterns of use of medications in patients with

Discontinued beta Continuous beta
blocker* (n=651) blocker* (n=3361)

95% 95%
Confidence Confidence
ORt limits ORt limits
ACE-I
Before only 090 0.58t01.40 1.53 1.25t01.89
Before and after 0.46 0.27t00.79 0.64 0.51to00.80
ARB
Before only 222 1.29t03.83 2.06 1.57to2.69
Before and after 0.74 0.38t01.44 0.68 0.521t00.87
Metformin
Before only 123 0.72to2.11 1.37 1.08t01.73
Before and after 0.51 0.22to1.16 0.33 0.24 to 0.47

*Models are stratified by whether or not patients discontinued or
continued their beta blocker medication in the 60 days following
positive COVID-19 test result.

TORs and 95% confidence limits are estimated from logistic
regression models adjusted for age, race, ethnicity, sex,
overweight and smoking status at index date, and for the
presence of the following pre-existing conditions within 2 years
of positive COVID-19 test: diabetes (type 2), CVD, HTN, CAHD,
CHF, mention of heart disease, mention of heart failure, COPD,
bronchitis, acute respiratory failure, asthma, mention of chronic
lung disease and emphysema, and for the CCI.

ACE-I, ACE inhibitor; ARB, angiotensin receptor blocker;

CAHD, coronary atherosclerotic heart disease; CCl, Charlson
Comorbidity Index; CHF, congestive heart failure; COPD, chronic
obstructive pulmonary disease; CVD, cardiovascular disease;
HTN, hypertension; VA, Veterans Affairs.

COVID-19 using a large national database. Although
large observational trials cannot demonstrate causality,
they can help generate testable hypotheses and focus
or refine subsequent interventional studies of potential
COVID-19 treatments. Previous analysis of this large data-
base recently demonstrated the lack of efficacy and risks
of hydroxychloroquine for the treatment of COVID-19
within the VA.® In the current study, medications affecting
the renin-angiotensin system and the anti-diabetic drug
metformin were identified as potentially protective in
COVID-19 survival.

The relationship between ACE2-mediated viral entry
and the anti-inflammatory effects of ACE2 form the basis
for controversy surrounding the use of renin-angio-
tensin—aldosterone system’s antagonists in COVID-19.
SARS-CoV-2 enters cells using the ACE2 enzyme, which
acts as a viral receptor on the cell surface. Like ACEI,
ACEZ2 is a carboxypeptidase that converts angiotensin II
to vasoactive angiotensin peptides and is expressed in
multiple tissues, including lungs, heart and kidneys." '*
Despite their structural homology, ACE1 and ACE2 appear
to play counterbalancing roles on vascular function and
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Table 4 Associations of mortality with patterns of
medication use among hospitalised VA patients with
COVID-19 followed for 60 days, estimated from propensity
score weighted proportional hazards models

aHR* 95% Confidence limits
ACE-I
Before only 1.39 1.24t0 1.57
After only 0.24 0.14 t0 0.39
Before and aftert
<40 days 0.73 0.63 t0 0.84
>40 days 0.79 0.50 to 1.24
ARB
Before onlyt
<25 days 1.97 1.67 to 2.32
>25 days 1.17 0.73t0 1.88
After only 0.53 0.33 to 0.84
Before and after§
<20 days 0.65 0.52 to 0.81
>20 days 1.42 1.09to 1.83
Metformin
Before onlyq]
<25 days 1.53 1.32t01.77
>25 days 1.88 1.43t0 2.47
After only 0.20 0.07 to 0.54
Before and after 0.28 0.21 to0 0.37

*aHRs are estimated using inverse propensity score weighted Cox
proportional hazards models adjusted for: age, race, ethnicity, sex,
overweight and smoking status at index date, and for the for the
presence of the following pre-existing conditions within 2 years of
positive COVID-19 test: diabetes (type 2), CVD, HTN, CAHD, CHF,
mention of heart disease, mention of heart failure, COPD, bronchitis,
acute respiratory failure, asthma, mention of chronic lung disease and
emphysema, and for the CClI, and fitted with time dependent terms for
medication categories, where statistically indicated. Propensity scores
were derived from multinomial logistic regression predicting probability
of being in a medication treatment category using morbidity that would
indicate clinical need for treatment. Death is death from any cause
within 60 days of COVID-19 positive test result. Time dependence
was tested using product terms for each medication categoryxlog
(~log(survival time)) at p <0.05. For time dependent medication
categories, risk was estimated from models stratified by survival time.
The stratification time points were selected based on examination of
survival curves, log(-log survival)) curves and by calculating contrasts
at 5-day intervals to determine where estimated associations became
non-statistically significant or diverged.
TP(ACE-\: before and afterxlog (—Iog(sur\/ival)))zo'045.1 .
=0.0267.

»<0-0001.

(metformin: before on\yxlog(—log(suwival)))zo'0002'
aHRs, adjusted HRs; CAHD, coronary atherosclerotic heart disease;
CCl, Charlson Comorbidity Index; CHF, congestive heart failure;
COPD, chronic obstructive pulmonary disease; CVD, cardiovascular
disease; HTN, hypertension; VA, Veterans Affairs.

(ARB: before onlyxlog (-log(survival)))

(ARB: before and afterxlog (-log(survival)

inflammation. Unlike ACEl, ACE2 primarily converts
angiotensin II to the angiotensin(1-7) heptapeptide, a
ligand for the Masl-G-protein coupled receptor, which
counteracts the vasoconstrictive and inflammatory effects
of ACEl-derived peptides.”” Angiotensin(1-7)/Masl
binding downregulates the expression of numerous

inflammatory cytokines, including interleukin 6 (IL-6),
interferon (IFN) 7y, tumour necrosis factor a, CCL2, IL-12
and IL-5." Unlike ACE1, ACE2 exhibits promiscuous
proteolytic activity against additional specific inflam-
matory mediators des-Arg’-bradykinin, neurotensin,
dynorphin A(1-13) and the inflammatory adipokine
apelin-13." 1% After viral entry, SARS-CoV-2 triggers ACE2
shedding from infected cells through induction of the
ADAM17 protease during SARS-CoV-2 replication.'”
Virally induced ACE2 shedding likely exacerbates viral
pathogenesis. ACE2 has known protective effects on lung
injury due to numerous respiratory viruses, including
RSV, H5N1 influenza and SARS-CoV-1."* 1 Infusion of
soluble recombinant ACE2 in human acute respiratory
distress syndrome (ARDS) can reduce levels of cytokines
and inflammatory markers and can have a protective
effect in human ARDS.? 2! Moreover, ACE2 in the heart
is required for normal cardiac activity, as ACE2 deficiency
in mice leads to severe left ventricular dysfunction.”

Comparison with previous studies
These studies suggest that increasing levels of ACE2
might play an important role protecting patients from
severe cardiopulmonary morbidity and death in COVID-
19. ARBs and ACE-Is selectively block ACEl and can
affect the balance between ACEl and ACE2. Both
ACE-I and ARBs can increase ACE2 viral receptors in
animal models, providing a theoretically mixed effect
on COVID-19 severity. But even the directionality of the
effects is debated: higher ACE2 levels may be protective
once infection is established, but might increase the
susceptibility of an individual to new infection.'”* Poten-
tial concern about ACE-I and/or ARB use on COVID-19
severity have been reported in early studies.”* Evidence
recently reported from the Randomized Elimination and
Prolongation of ACE Inhibitors and ARBs in Coronavirus
2019 Trial (REPLACE COVID)® and the Angtiotensin
Receptor Blockers and Angiotensin-converting Enzyme
Inhibitors and Adverse Outcomes in Patients with
COVID-19 (BRACE-CORONOA)%* randomised clinical
trials and from a ‘living’ systematic review by Mackey et
al’” demonstrates that continuation of renin-angiotensin
system inhibitors did not negatively impact the severity
or duration of hospitalisation in patients with COVID-19.
The present study further suggests beneficial effects due
to continued or newly initiated ACE-I or ARB treatment
in patients with COVID-19, and demonstrates adverse
effects due to ACE-I and/or ARB discontinuation.
Continued use or initiation of metformin were asso-
ciated with reduced COVID-19 mortality in our anal-
ysis. These data support a previous study implicating
protective effects of metformin in acute COVID-19."
Metformin is used to treat the Metabolic Syndrome, a
low-grade systemic inflammatory condition character-
ised by obesity, hypertension, insulin resistance, type
2 diabetes and atherosclerosis. Since aspects of the
Metabolic Syndrome are known risk factors for severe
COVID-19, agents such as metformin might logically be
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expected to diminish COVID-19 severity. There may be
a more compelling mechanistic explanation, however.
The Metabolic Syndrome results from an expanded
population of inflammatory type-1 macrophages (M1),
rather than alternatively activated, or anti-inflammatory
type-2 macrophages (M2).*® Currently available data
suggest that severe COVID-19 pneumonia is charac-
terised by lymphopenia, hyperferritinaemia, cytokine
storm and haemophagocytosis—features of a unique,
corticosteroid responsive condition known as the Macro-
phage Activation Syndrome.* * It is plausible that basal
M1 macrophage activation in the Metabolic Syndrome
provides a fertile milieu for the Macrophage Activation
Syndrome and severe COVID-19 pneumonia. In addition
to metformin conceivably acting to reverse M1 polarisa-
tion, a recent publication reports that metformin can
increase ACE2 in animals through a variety of cellular
mechanisms.” ** These observed metformin effects
suggest that increased ACE2 or other metformin specific
effects might be mechanistically crucial to COVID-19
protection.

Strengths and limitations

The current study is an observational analysis of medical
record data from the VA; it can demonstrate associations
but cannot be used to demonstrate causality. Epidemi-
ologic analysis of administrative electronic healthcare
records can quickly identify associations of potential
therapies with improved outcomes but cannot establish
safety or efficacy or causality. The associated reductions in
mortality with continuation and/or starting ACE-I or ARB
may be an indicator of a possible therapy or simply iden-
tify patients who were doing better clinically or could be a
marker for better care. The increases in the risk of death
with discontinuation of ACE-I and ARB may indicate
that discontinuation of these medications in COVID-19
infections truly did increase risk, or it may indicate that
patients that were doing poorly clinically required discon-
tinuation of the medication to maintain haemodynamic
stability. Although reasons for discontinuation were not
routinely captured, any changes in medications after a
diagnosis of COVID-19 were coded at the time of hospi-
talisation. Therefore, it is unlikely that the discontinu-
ation was a response to acute clinical deterioration but
rather discontinuation on admission to the hospital with
subsequent deterioration. Risk adjustment by pre-existing
conditions, and the CCI, by propensity score weighting
of associations, or stratification of results by ventilation
status may be inadequate to correct for the severity of
COVID-19 illness and reverse causation. However, the
persistence of associations among patients who were and
were not ventilated and the specificity of associations in
comparison with beta blockers and famotidine suggests
that they are not merely a result of pre-existing morbidity
or more severe disease, or discontinuation of medication
because of imminent death. Ongoing randomised clin-
ical trials will be definitive.

Policy implications

We have identified at least 24 prospective clinical trials of
currently available agents in COVID-19, including immu-
noglobulin, IFNs, chloroquine, hydroxychloroquine,
arbidol, remdesivir,4 favipiravir, lopinavir, ritonavir, osel-
tamivir, methylprednisolone, bevacizumab and tradi-
tional Chinese medicines.* Despite the testing of multiple
antiviral* and/or anti-inflammatory drugs,” no proven
treatment is widely available for the current COVID-19
pandemic. Thus, we suggest that the current study may
provide time-sensitive relevance to clinical decisions
that must be made before definitive clinical trials can be
completed. Our findings not only support continuation of
ACE-I, ARB and metformin medication among hospital-
ised patients with COVID-19, but suggest benefit for initia-
tion in patients with indication for therapy. We also found
evidence consistent with benefits for the same strategy
in patients with COVID-19 who are not hospitalised.
However, we consider the evidence for non-hospitalised
patients less rigorous because a filled prescription out of
hospital is not as reliable a measure of medication use as
in-hospital administration of medication.

Conclusions

Findings support a possible COVID-19 survival benefit for
continuing or initiating ACE-I, ARB and metformin medi-
cations. Furthermore, discontinuation of these medica-
tions in patients with COVID-19 infection was associated
with an increase in risk of death. The results for remde-
sivir were not encouraging—use of remdesivir was asso-
ciated with an increase in risk of death. Our study not
only reinforces the safety of ACE-I, ARB and metformin
use among patients with COVID-19 where indicated but
suggests therapeutic benefit.
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