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Abstract

Introduction

The coronavirus disease 2019 (COVID-19) caused a worldwide pandemic and has led to
over five million deaths. Many cardiovascular risk factors (e.g. obesity or diabetes) are asso-
ciated with an increased risk of adverse outcomes in COVID-19. On the other hand, it has
been suggested that medications used to treat cardiometabolic conditions may have protec-
tive effects for patients with COVID-19.

Objectives

To determine whether patients taking four classes of cardioprotective medications—aspirin,
metformin, renin angiotensin aldosterone system inhibitors (RAASI) and statins—have a
lower risk of adverse outcomes of COVID-19.

Methods

We conducted a retrospective cohort study of primary care patients at a large integrated
healthcare delivery system who had a positive COVID-19 test between March 2020 and
March 2021. We compared outcomes of patients who were taking one of the study medica-
tions at the time of the COVID-19 test to patients who took a medication from the same
class in the past (to minimize bias by indication). The following outcomes were compared: a)
hospitalization; b) ICU admission; c) intubation; and d) death. Multivariable analysis was
used to adjust for patient demographics and comorbidities.

Results

Among 13,585 study patients, 1,970 (14.5%) were hospitalized; 763 (5.6%) were admitted
to an ICU; 373 (2.8%) were intubated and 720 (5.3%) died. In bivariate analyses, patients
taking metformin, RAASI and statins had lower risk of hospitalization, ICU admission and
death. However, in multivariable analysis, only the lower risk of death remained statistically
significant. Patients taking aspirin had a significantly higher risk of hospitalization in both
bivariate and multivariable analyses.
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Conclusions

Cardioprotective medications were not associated with a consistent benefitin COVID-19.
As vaccination and effective treatments are not yet universally accessible worldwide,
research should continue to determine whether affordable and widely available medications
could be utilized to decrease the risks of this disease.

Introduction

The coronavirus disease 2019 (COVID-19) caused by infection with the SARS-CoV-2 virus
continues to be a substantial threat worldwide. While often causing only mild symptoms, it
can also lead to severe clinical outcomes and has resulted in over five million deaths worldwide
as of December 2021 [1]. Individuals with atherosclerotic cardiovascular disease [2] and car-
diovascular risk factors, such as diabetes, obesity, and chronic kidney disease, have elevated
risk of adverse outcomes from COVID-19 [3-6]. Older patients are at a particularly high risk,
and it has been postulated that this may be due to endothelial dysfunction and loss of endoge-
nous cardioprotective mechanisms [7]. On the other hand, it has been proposed that some of
the medications that reduce cardiovascular risk may also be beneficial for patients with
COVID-19. HMG-CoA reductase inhibitors (statins) have anti-inflammatory and antithrom-
botic properties that may help mitigate disease severity in COVID-19 infection [8]. Renin
angiotensin aldosterone system inhibitors (RAASI) also have anti-inflammatory properties
and may block acute lung injury induced by coronaviruses and other viral infections [9-11],
but their overall effect on outcomes of COVID-19 infection remains uncertain [12]. Metfor-
min-a diabetes medication that is also thought to have independent cardioprotective effects
[13]-also reduces inflammatory adipokines and TNFo which have been seen to contribute to
COVID-19 severity [14]. Finally, aspirin has well-established anti-inflammatory and antiplate-
let effects that may reduce risk of adverse outcomes [15]. We therefore conducted a study to
examine the relationships between aspirin, metformin, RAASI, and/or statin use and the risk
of adverse COVID-19 outcomes.

Materials and methods
Study design

We conducted a retrospective cohort study to examine the relationship between medications
that reduce cardiovascular risk (aspirin, metformin, renin-angiotensin-aldosterone system
(RAAS) inhibitors, and statins) and COVID-19 clinical outcomes.

Study cohort

Our cohort was comprised of adults with COVID-19 (diagnosed based on a positive reverse
transcription-polymerase chain reaction [RT-PCR] result for SARS-CoV-2) with at least one
encounter with a primary care practice affiliated with Mass General Brigham prior to infec-
tion. Patients were included in the study if their first positive COVID-19 RT-PCR test was
between the beginning of March 2020 (when regular screening for COVID-19 began in Massa-
chusetts) and the end of March 2021 and were at least 18 years old at the time of positive test.
Patients were excluded if their admission and discharge due to COVID-19 occurred before the
first documented positive RT-PCR result for SARS-CoV-2 or if they had missing demographic
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information. An individual patient served as the unit of analysis. If reinfection with COVID-
19 was documented, only the first infection was studied.

This study was approved by the Mass General Brigham Institutional Review Board (proto-
col # 2020P003157). The requirement for informed consent was waived. Therefore no
informed consent (written or verbal) was obtained from any participants in the study, as
approved by the Institutional Review Board.

Study measurements

Index date was defined as the date when the sample that tested positive for SARS-CoV-2 was
taken (as opposed to the date when results were available). The primary outcome was hospital-
ization due to or associated with COVID-19 within 30 days of the first positive sample. Sec-
ondary outcomes included a) intensive care unit (ICU) admission; b) intubation during any
hospitalization due to COVID-19 that started within 30 days of the first positive test; or ¢)
death from any cause within 90 days of the first positive test.

Four classes of cardioprotective medications were assessed separately as predictor variables:
a) aspirin, b) metformin, c) RAAS inhibitors, and d) statins. Anyone who had an active pre-
scription for one of these medications on the date of their positive COVID-19 test was consid-
ered exposed, while those who had an indication for the medication class (defined as any
previous prescription, but no active prescription for any medication in the class) were assigned
to the comparison group. Prescriptions were considered active if the index date was within
one year of the last prescription date and discontinuation was not documented prior to the
index date. This led to four separate cohorts of patients: those with current or prior history of
each cardioprotective medication class.

Confounders were obtained from the electronic medical records (EMR) at Mass General
Brigham (MGB), an integrated health care system in New England. All variables were ascer-
tained at the index date. Demographic characteristics included age in years, gender, race/eth-
nicity, marital status (partnered vs not), health insurance type (private vs other), median
household income by zip code, and preferred language. Medical history variables were identi-
fied by any prior diagnosis code documentation of chronic lung disease, mental illness
(dementia, bipolar disorder, schizophrenia, and schizoaffective disorder), and atherosclerotic
cardiovascular disease (ASCVD, including coronary artery disease [CAD], cerebrovascular
accident [CVA], and peripheral vascular disease [PVD]). Charlson Comorbidity Index (CCI),
modified to exclude diabetes mellitus (DM), CAD, and chronic kidney disease (CKD), was cal-
culated at the index date. In addition to diagnosis codes, elevated HbAlc > 6.5% was used to
identify patients with diabetes mellitus. Any documentation of a history of smoking, past or
present, was categorized as history of smoking. Clinical measures from the index date or docu-
mented closest to and prior to index date were recorded for body mass index (BMI), systolic
blood pressure (SBP), diastolic blood pressure (DBP), low density lipoprotein cholesterol
(LDL), HbAlc, estimated glomerular filtration rate (eGFR), and proteinuria. eGFR was calcu-
lated using the CKD-EPI formula, excluding the adjustment for race [16].

Statistical analysis

Summary statistics were calculated using frequencies and proportions for categorical data and
means (SDs), medians, and ranges for continuous variables. Quantitative variables were com-
pared using t-test and categorical variables using chi-square.

Multiple logistic regression models were constructed to estimate the associations between
different classes of cardioprotective medications and poor COVID-19 categorical outcomes
(hospitalization, ICU admission, intubation, and death). Previously described demographic,
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clinical, and behavioral confounders were controlled for in the models. To attenuate the effects
of outliers, eGFR was log transformed [17].

Secondary analyses were conducted using propensity scores as a covariate adjustment in
logistic regression models of the treatment on each outcome. The propensity score represents
a patient’s probability of medication group assignment (current vs. previous use of specific car-
dioprotective medication class) and contains the information from all measured confounders.
To estimate propensity scores, a non-parsimonious multiple logistic regression model was
constructed with current cardioprotective medication as a dependent variable and potential
confounding covariates as the independent variables [18]. Secondary analyses utilizing logistic
regression models of each studied cardioprotective medication class on each outcome, while
adjusting for propensity scores, were conducted to ensure consistency of our results.

Additional sensitivity analyses were conducted by limiting the comparison groups to a)
patients with recent (18 months and 36 months) discontinuation of the study medications and
b) documented history of adverse reactions to the study medications to help minimize unmea-
sured bias. Multiple imputation procedure with ten imputations was used to account for miss-
ing data (baseline HbAlc, SBP, DBP, BMI, LDL, and eGFR) both in multiple logistic
regression analyses and propensity score analysis. For the propensity score analysis, propensity
scores estimated from each imputed dataset were used individually to estimate treatment
effects, which were combined to produce an overall estimate. All analyses were performed
using SAS, version 9.4 (Cary, NC).

Results
Study cohort

A total of 13,585 patients with current or past prescriptions for the four cardioprotective medi-
cation classes studied were included in the analysis: 8,891 individuals with statin, 8,342 with
RAASI, 4,487 with aspirin, and 3,696 with metformin use, past or present (Fig 1). Twenty-two
percent (2,941 individuals) were not currently on any of the four medication classes at the
index date, while 41.8% (5,683) were on one, 23.9% (3,241) on two, 10.6% (1,440) on three and
2.1% (280) on all four medication classes. Mean age of study patients was 62.5 years, ranging
from 60.0 among those with previous metformin use to 67.7 among those with previous statin
use (Table 1). More than half of study patients were obese, with mean BMI of 30.6 kg/m>.
Mean CCI scores were 2.2 after excluding diabetes, CKD and CAD from the calculation.
Thirty-two percent of patients were not white, 16% identified their preferred language as one
other than English, and females constituted 52% of the study population. Due to the timing of
our case identification occurring during 2020 through March 2021, only 1% of patients had
received at least one COVID-19 vaccination dose at their index date.

There were several differences in baseline characteristics between patients with past vs. cur-
rent study medication use. Patients currently taking metformin, RAASi or statins had lower
CCI compared to patients who were not (p < 0.0001 for all) while the opposite was true for
patients currently taking aspirin (p = 0.0023). Past users were older than current users in the
statin and RAASi groups and younger in the aspirin group. There were also differences in the
distribution of patients over the study period: past study medication users were more likely to
have had COVID-19 in Spring 2020.

Among all study patients, 1,970 (14.5%) were admitted to the hospital; 763 (5.6%) were
admitted to an ICU; 373 (2.8%) were intubated and 720 (5.3%) died. Rates of adverse outcomes
were much higher during the first COVID-19 surge in Spring 2020 than later in the study.
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analysis analysis analysis analysis

Fig 1. Study patient flow. Selection of study patients.
https://doi.org/10.1371/journal.pone.0275787.9001

Cardioprotective medications and COVID-19 outcomes

In bivariate analyses, patients taking statins and RAASi medications had lower risk of hospital-
ization, ICU admission and death (Fig 2). Metformin use was only associated with lower risk
of death. Conversely, aspirin use was associated with increased risk of hospital and ICU
admissions.

In multivariable analyses (Table 2), statin, RAASi and metformin use remained associated
with a lower risk of death. Aspirin, on the other hand, was associated with an increased risk of
hospitalization. Other patient characteristics that were associated with lower risk of adverse
COVID-19 outcomes included female sex for all outcomes except mortality among metformin
users, commercial insurance for hospitalization and mortality outcomes, and higher eGFR for
mortality. Meanwhile, proteinuria and higher CCI scores were associated with higher risk of
all adverse COVID-19 outcomes and elevated HbAlc was associated with higher risk of hospi-
talization in all groups and mortality in all groups, except the patients with current or past use
of metformin. Higher BMI was associated with an elevated risk of hospitalization, ICU admis-
sion, and intubation across all groups. Lastly, psychotic disorders were associated with intuba-
tion and mortality for statin, RAAS], and aspirin users and only mortality in metformin users.
Findings of the propensity score analyses (Table 3) and sensitivity analyses that limited the
control groups to patients who had adverse reactions to study medications (Table 4) were also
consistent with the primary analysis.

Discussion

In this large study of over 10,000 patients, we for the first time examined both mortality and a
range of other adverse short-term outcomes of COVID-19 for multiple classes of cardioprotec-
tive medications. The present study did not find evidence of consistent benefit of cardioprotec-
tive medications in patients with COVID-19. Many medications were associated with
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Table 1. Characteristics of study patients.

Statin Population RAASi Population Aspirin Population Metformin Population
Current Statin | Past Statin Use | Current RAASi | Past RAASi Use | Current Aspirin | Past Aspirin Use Current Past Metformin
Use Use Use Metformin Use Use
Mean N Mean N Mean N Mean N Mean N Mean N Mean N Mean N
(SD) | missing | (SD) | missing | (SD) | missing | (SD) | missing | (SD) | missing | (SD) | missing | (SD) | missing | (SD) | missing
(%) (%) (%) (%) (%) (%) (%) (%)
Total, n 7206 1685 6048 2294 1667 2820 2684 1012
Age, years 66 0(0)| 677 0(0)| 633 0(0) 659 0(0) 66 0(0)| 634 0(0) 60.1 0(0) 60 0(0)
(12.5) (15) (14.2) (16.9) (15) (16.7) (13.8) (16.8)
Median 70.8 0 (0) 69.3 0(0) 69.5 0(0) 69.3 0(0) 64.6 0(0) 68.9 0(0) 64.1 0(0) 63.6 0(0)
household (24.9) (25.9) (24) (25.7) (24.3) (25.5) (22.6) (22.1)
income by
zip code, by
$1,000
HbAlc, %, 6.5 1174 6.3 265 6.5 1078 6.3 417 6.6 215 6.1 468 7.5 | 41(1.5) 7.1| 25(2.5)
(1.5) (16.3) | (1.4) (15.7) | (1.5) (17.8) | (1.5) (18.2) | (1.7) (12.9) | (1.3) (16.6) | (1.7) (1.9)
BMI, kg/m> 30.6 | 30(0.4) 298| 6(0.4) 31.5| 18(0.3) 29.8| 15(0.7) 300 5(0.3) 30 | 16 (0.6) 33| 14(0.5) 32.8| 3(0.3)
(6.3) (6.8) (6.8) (6.9) 6.7) (6.6) (7.1) (7.5)
SBP, mmHg 130 | 24(0.3) 129 7 (0.4) 132 | 24(0.4) 130 | 20(0.9) 129 | 10(0.6) 129 | 17(0.6) 130 | 9(0.3) 128 | 7(0.7)
(17) (18) (17) (18) (18) (17) (16) (18)
DBP, mmHg 75 | 24 (0.3) 75| 7(0.4) 77| 24(0.4) 75 20 (0.9) 74| 10 (0.6) 75| 17 (0.6) 76| 9(0.3) 75 7(0.7)
(10) (11 (11) (11) (10 (10 (10) (11)
LDL, mg/dL, 86| 217(3) 105 70 (4) 91.1| 285(5) 87.7 | 152(7) 81| 104 (6) 91| 154(6) 83 73 (3) 88.7 38 (4)
mean (SD) (36) (45) (36) (36) (35) (36) (36) (38)
eGFR, mL/ 73.8| 90(1.2) 70.8 | 11(0.7) 759 | 84(1.4) 69.6 | 28(1.2) 72 12(0.7) 754 | 32(1.1) 81.6 | 21(0.8) 76.7 | 7(0.7)
min/1.73m> | (21.9) (24.7) (21.8) (27.5) (25.3) (25.1) (21.7) (28.5)
cCI 2.4 0(0)|29(3) 0(0) 2.2 0 (0) 3.1 0(0) 2.9 0(0) 2.7 0 (0) 19 0(0) 2.5 0(0)
(2.7) (2.6) (3.1) (2.9) (2.9) (2.4) 2.7)
White, n (%) 5176 (71.8) 1143 (67.8) 4125 (68.2) 1540 (67.1) 949 (56.9) 1833 (65) 1392 (51.9) 576 (56.9)
Female, n 3206 (44.5) 915 (54.3) 2958 (48.9) 1307 (57) 801 (48.1) 1583 (56.1) 1368 (51) 640 (63.2)
(%)
Partnered, n 4286 (59.5) 828 (49.1) 3447 (57) 1096 (47.8) 759 (45.5) 1473 (52.2) 1477 (55) 461 (45.6)
(%)
Commercial 3517 (48.8) 681 (40.4) 3257 (53.9) 959 (41.8) 644 (38.6) 1300 (46.1) 1388 (51.7) 465 (45.9)
Insurance, n
(%)
ASCVD 2109 (29.3) 483 (28.7) 1326 (21.9) 702 (30.6) 732 (43.9) 750 (26.6) 536 (20) 251 (24.8)
Baseline, n
(%)
Diabetes 2784 (38.6) 574 (34.1) 2267 (37.5) 798 (34.8) 725 (43.5) 786 (27.9) 2344 (87.3) 737 (72.8)
Mellitus
Baseline, n
(%)
Proteinuria, 1250 (17.3) 388 (23) 1019 (16.8) 604 (26.3) 396 (23.8) 564 (20) 548 (20.4) 241 (23.8)
n(%)
Statin Meds, 7206 (100) 0(0) 3472 (57.4) 887 (38.7) 1137 (68.2) 1217 (43.2) 1863 (69.4) 412 (40.7)
n(%)
RAASI 3472 (48.2) 445 (26.4) 6048 (100) 0(0) 734 (44) 921 (32.7) 1569 (58.5) 344 (34)
Meds, n(%)
Aspirin 1137 (15.8) 170 (10.1) 734 (12.1) 293 (12.8) 1667 (100) 0(0) 466 (17.4) 121 (12)
Meds, n(%)
Metformin 1863 (25.9) 190 (11.3) 1569 (25.9) 294 (12.8) 466 (28) 400 (14.2) 2684 (100) 0(0)
Meds, n(%)
Dementia, n 112 (1.6) 50 (3) 68 (1.1) 61 (2.7) 44 (2.6) 57 (2) 28 (1) 16 (1.6)
(%)
(Continued)
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Table 1. (Continued)

Statin Population RAASi Population Aspirin Population Metformin Population
Current Statin | Past Statin Use | Current RAASi | Past RAASi Use | Current Aspirin | Past Aspirin Use Current Past Metformin
Use Use Use Metformin Use Use

Mean N Mean N Mean N Mean N Mean N Mean N Mean N Mean N
(SD) | missing | (SD) | missing | (SD) | missing | (SD) | missing | (SD) | missing | (SD) | missing | (SD) | missing | (SD) | missing

(%) (%) (%) (%) (%) (%) (%) (%)
Psychotic 76 (1.1) 19 (1.1) 46 (0.8) 28 (1.2) 34(2) 30 (1.1) 38 (1.4) 28 (2.8)
Disorders, n
(%)
Chronic 294 (4.1) 74 (4.4) 195 (3.2) 115 (5) 79 (4.7) 119 (4.2) 100 (3.7) 38 (3.8)
Lung
Disease, n
(%)
Ever 3620 (50.2) 857 (50.9) 2759 (45.6) 1127 (49.1) 838 (50.3) 1338 (47.4) 1195 (44.5) 448 (44.3)
Smoked, n
(%)
Season
Spring 2020 1603 (22.2) 491 (29.1) 1341 (22.2) 630 (27.5) 515(30.9) 679 (24.1) 702 (26.2) 276 (27.3)
Summer 273 (3.8) 64 (3.8) 217 (3.6) 100 (4.4) 80 (4.8) 131 (4.6) 111 (4.1) 30 (3)
2020
Fall 2020 1071 (14.9) 263 (15.6) 931 (15.4) 326 (14.2) 219 (13.1) 442 (15.7) 418 (15.6) 146 (14.4)
Winter 2020 4029 (55.9) 818 (48.5) 3365 (55.6) 1171 (51) 792 (47.5) 1455 (51.6) 1357 (50.6) 536 (53)
Spring 2021 230 (3.2) 49 (2.9) 194 (3.2) 67 (2.9) 61 (3.7) 113 (4) 96 (3.6) 24 (2.4)
Vaccination
Status
None 7118 (98.8) 1671 (99.2) 5974 (98.8) 2262 (98.6) 1645 (98.7) 2784 (98.7) 2653 (98.8) 1001 (98.9)
Partially 74 (1) 14 (0.8) 61 (1) 29 (1.3) 19 (1.1) 30 (1.1) 28 (1) 9(0.9)
Fully 14 (0.2) 13 (0.2) 3(0.1) 3(0.2) 6(0.2) 3(0.1) 2(0.2)

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index; CCI, Charlson comorbidity index; DBP, diastolic blood pressure; eGFR,
estimated glomerular filtration rate; HbAlc, hemoglobin Alc; LDL, low density lipoprotein cholesterol; RAASI, renin angiotensin aldosterone system inhibitor; SBP,
systolic blood pressure

https://doi.org/10.1371/journal.pone.0275787.t001

mortality benefit but not a decrease in hospitalization, ICU admission, or ventilator support.
On the other hand, treatment with aspirin was associated with a possible increased risk of hos-
pitalization, but not other intermediate COVID-19 outcomes nor all-cause mortality. This
study is a novel examination of the previously observed associations between cardioprotective
medications and mortality because of its more complete picture of the proposed relationship
by also looking at the associations between different medication classes and intermediate
COVID-19 outcomes.

Our findings were broadly consistent with previously published literature [8, 14, 19-28].
Previous explorations of statin use generally found a mortality benefit [8, 23, 24, 26-28] but no
change in the risk of ventilator use [8, 23, 27, 29, 30] or ICU admissions [23, 27, 30]. One study
found that statin use was associated with lower mortality among patients with type 2 diabetes
(T2DM) but not type 1 diabetes (TIDM) [26]. Several studies that found an increased risk [29]
of or no association [28, 30] with adverse COVID-19 outcomes associated with statin use were
limited to hospitalized patients [28-30] or had small sample sizes [19, 25]. Only one study that
included but 58 patients with a plasma-cell disorder and COVID-19 found harm associated
with statin use [19]. Most studies that found no association between RAASi use and COVID-
19 mortality were small [19, 24, 31]. In the two larger studies showing no mortality benefit,
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Fig 2. Cardioprotective medications and study outcomes. Incidence of COVID-19 outcomes in study patients.
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Chen et al. only examined a hospitalized population [20] and Reynolds et al. were looking for
a pre-specified 10% difference in outcomes rather than solely statistical significance [32]. Nota-
bly, a recent meta-analysis of clinical trials of angiotensin converting enzyme (ACE) inhibitors
and angiotensin receptor blockers (ARBs) showed a mortality benefit that was limited to ARBs
[33]. Previous literature on aspirin found no association between aspirin use and hospitaliza-
tions [19] or mortality [19, 24] in studies of both hospitalized patients and in a population of
COVID-19 patients with plasma cell disorders. Chow et al. found aspirin to be linked to a
reduction in ICU admissions, ventilator use, and mortality, but had a small sample size [34]
and was limited to hospitalized patients. Lastly, our results were consistent with some of the
largest previous studies of metformin and COVID-19 outcomes, which showed a reduction in
mortality [4, 14, 21, 35]. Three other studies did not find an association between metformin
use and mortality, but two were very small, with only 120 [20] and 58 [19] participants. Do

et al. did not find an association between metformin vs no medication and mortality but did
find a benefit of metformin over other non-metformin diabetes medications in a population of
patients with T2DM [36]. Studies of metformin largely only examined mortality but no other
outcomes.

Several possible mechanisms could have accounted for the improvements in COVID-19
outcomes observed in this study. Zhang et al. found an association between statin use and
decreased risk of ventilator use and mortality [23]. They also found lower levels of inflamma-
tory markers (C-reactive protein, interleukin 6 and neutrophil count) among statin users com-
pared to non-users in their study, supporting a suggested anti-inflammatory mechanism for
the decreased risk of poor COVID-19 outcomes among statin users [8]. Another possible
mechanism for the lower risk of mortality among statin users is the observed association seen
in De Spiegeleer et al.’s study: patients taking a statin were more likely to have asymptomatic
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Table 2. Effect of study medications and patient characteristics on COVID-19 outcomes: Multivariable analysis.

a. Patients with Current or Past Statin Use

Hospitalization ICU admission Intubation Death
OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
Current statin use 0.935 (0.801, 1.091) | 0.3912 0.909 (0.729, 1.134) | 0.3986 0.923 (0.675, 1.262) | 0.6162 0.678 (0.539, 0.852) | 0.0009
Current RAASI use 0.96 (0.844, 1.091) | 0.5291 0.918 (0.761, 1.108) | 0.3732 0.899 (0.692, 1.166) | 0.4221 0.739 (0.596, 0.917) | 0.0059
Current aspirin use 1.295 (1.106, 1.517) | 0.0014 1.104 (0.88, 1.386) | 0.393 1.021 (0.743, 1.403) | 0.8971 1.125 (0.874, 1.447) | 0.3601
Current metformin use 1.149 (0.957, 1.38) | 0.1362 1.248 (0.965, 1.615) | 0.0911 1.428 (1.009, 2.021) | 0.0443 0.767 (0.556, 1.058) | 0.1059
Age 1.032 (1.025, 1.039) | <.0001 | 1.023 (1.013, 1.032) | < .0001 1.013 (1, 1.027) 0.0489 1.073 (1.061, 1.085) | < .0001
Female 0.802 (0.705, 0.912) | 0.0007 0.738 (0.611, 0.891) | 0.0015 0.584 (0.448, 0.763) | 0.0001 0.531 (0.429, 0.659) | < .0001
English 0.924 (0.774, 1.102) | 0.3781 0.694 (0.544, 0.886) | 0.0033 0.722(0.52,1.002) | 0.0512 1.224 (0.898, 1.669) | 0.2006
White 0.775 (0.659, 0.913) | 0.0022 1.135 (0.895, 1.439) | 0.2974 0.781 (0.568, 1.073) | 0.1267 1.059 (0.794, 1.413) | 0.6947
Partnered 0.792 (0.698, 0.899) | 0.0003 0.898 (0.746, 1.08) | 0.2542 1.19 (0919, 1.54) | 0.1879 0.941 (0.763, 1.162) | 0.5734
Median Household Income By $1000 | 0.996 (0.993, 0.998) | 0.0014 0.986 (0.981,0.99) | <.0001 | 0.994 (0.988,0.999) | 0.0293 0.997 (0.993, 1.001) | 0.0996
Commercial Insurance 0.781 (0.684, 0.891) | 0.0003 0.658 (0.54, 0.802) | <.0001 | 0.592 (0.449, 0.781) | 0.0002 0.585 (0.458, 0.747) | < .0001
History of smoking 1.08 (0.952, 1.225) | 0.2304 1.22(1.013, 1.469) | 0.036 1.102 (0.852, 1.426) | 0.4594 1.2 (0.973,1.481) | 0.0882
HbAlc 1.103 (1.049, 1.161) | 0.0001 1.052 (0.98, 1.129) | 0.1624 1.093 (0.996, 1.198) | 0.0597 1.193 (1.095, 1.299) | 0.0001
BMI by 10 kg/m2 1.232(1.117, 1.359) | <.0001 | 1.296 (1.129, 1.488) | 0.0002 1.758 (1.478, 2.091) | < .0001 | 0.924 (0.772,1.106) | 0.3912
SBP by 10 mm Hg 0.993 (0.953, 1.035) | 0.7391 0.973 (0.917, 1.033) | 0.3747 1.045 (0.964, 1.134) | 0.2869 0.906 (0.849, 0.967) | 0.003
DBP by 10 mm Hg 0.977 (0.907, 1.054) | 0.5523 1.053 (0.943, 1.175) | 0.3568 0.939 (0.808, 1.092) | 0.4144 1.013 (0.895, 1.147) | 0.8405
LDL by 10 mg/dL 1.014 (0.995, 1.033) | 0.1457 1.037 (1.011, 1.065) | 0.0061 1.02 (0.983, 1.057) | 0.2904 0.983 (0.951, 1.016) | 0.3129
eGFR! 0.641 (0.559, 0.735) | <.0001 | 0.755 (0.625,0.912) | 0.0035 0.779 (0.604, 1.004) | 0.0533 0.616 (0.506, 0.751) | < .0001
Proteinuria 1.764 (1.53,2.035) | <.0001 | 1.808 (1.478,2.213) | <.0001 | 1.973 (1.499, 2.598) | <.0001 | 1.593(1.282,1.98) | < .0001
CCI 1.059 (1.033, 1.086) | < .0001 | 1.062 (1.025, 1.102) | 0.0011 1.073 (1.02, 1.13) | 0.0069 1.129 (1.087,1.173) | < .0001
ASCVD 1.035 (0.9, 1.19) | 0.6342 | 1.181 (0.964, 1.446) | 0.1083 | 1.071 (0.805, 1.425) | 0.6377 | 1.303 (1.054, 1.611) | 0.0145
Chronic Lung Disease 1.482 (1.142, 1.923) | 0.0031 1.111 (0.755, 1.637) | 0.5926 1.494 (0.914, 2.442) | 0.1094 1.351 (0.91, 2.006) | 0.1351
Diabetes Mellitus 0.997 (0.831, 1.196) | 0.9727 1.188 (0.917,1.54) | 0.1923 0.987 (0.688, 1.416) | 0.9429 1.191 (0.899, 1.577) | 0.2224
Dementia 0.994 (0.682, 1.449) | 0.9769 0.91 (0.519, 1.596) | 0.7433 0.38(0.118,1.219) | 0.1037 1.181 (0.747, 1.866) | 0.477
Psychotic Disorders 1.63 (0.999, 2.66) | 0.0503 1.646 (0.864, 3.133) | 0.1294 1.594 (0.666, 3.812) | 0.2948 2.342 (1.115,4.92) | 0.0247
Season”
Spring 2020 | 1.298 (1.126, 1.496) | 0.0003 1.42 (1.158, 1.741) | 0.0007 1.711 (1.303, 2.246) | 0.0001 2.642 (2.124, 3.286) | < .0001
Summer 2020 | 0.817 (0.584, 1.142) | 0.2362 0.867 (0.524, 1.434) | 0.5779 0.837 (0.401, 1.745) | 0.6347 1.512 (0.925, 2.473) | 0.0995
Fall 2020 | 1.12(0.936, 1.341) | 0.2169 1.143 (0.875, 1.495) | 0.3271 0.88 (0.584, 1.326) | 0.5411 0.994 (0.699, 1.414) | 0.9748
Spring 2021 | 0.977 (0.679, 1.406) | 0.8999 1.323 (0.81, 2.161) | 0.2635 1.051 (0.502, 2.2) | 0.8957 0.813(0.391, 1.694) | 0.581
b. Patients with Current or Past RAASi use
Hospitalization ICU admission Intubation Death
OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
Current statin use 0.896 (0.776, 1.036) | 0.1374 | 0.964 (0.777,1.197) | 0.7405 | 0.942 (0.699, 1.269) | 0.694 | 0.778 (0.615, 0.985) | 0.0374
Current RAASI use 0.993 (0.858, 1.149) | 0.9264 0.969 (0.779, 1.205) | 0.776 1.119 (0.819, 1.527) | 0.4799 0.594 (0.476, 0.741) | < .0001
Current aspirin use 1.196 (1.001, 1.43) | 0.0489 0.989 (0.758,1.29) | 0.9332 0.877 (0.602, 1.277) | 0.4929 1.13 (0.85,1.504) | 0.3993
Current metformin use 1.227 (1.013, 1.486) | 0.0361 1.245 (0.946, 1.638) | 0.1171 1.632 (1.125, 2.367) | 0.0099 0.772 (0.549, 1.084) | 0.1349
Age 1.034 (1.027, 1.041) | <.0001 | 1.032(1.022, 1.042) | < .0001 | 1.018 (1.004, 1.031) | 0.0088 1.072 (1.06, 1.084) | < .0001
Female 0.867 (0.758, 0.991) | 0.0371 0.713 (0.582, 0.874) | 0.0011 0.601 (0.454, 0.796) | 0.0004 0.586 (0.467, 0.736) | < .0001
English 0.964 (0.801, 1.159) | 0.6947 0.795 (0.609, 1.037) | 0.0902 0.958 (0.665, 1.381) | 0.8195 1.239 (0.888, 1.728) | 0.2065
White 0.801 (0.678, 0.947) | 0.0094 1.163 (0.905, 1.496) | 0.2385 0.768 (0.55,1.07) | 0.119 1.119 (0.828, 1.511) | 0.4645
Partnered 0.852 (0.746, 0.972) | 0.0171 0.942 (0.772, 1.149) | 0.5554 1.166 (0.887, 1.533) | 0.2714 0.916 (0.733, 1.144) | 0.4384
Median Household Income By $1000 | 0.995 (0.992, 0.998) | 0.0007 0.985(0.98,0.99) | <.0001 | 0.991 (0.985,0.998) | 0.0084 0.998 (0.994, 1.003) | 0.4342
Commercial Insurance 0.795 (0.693, 0.913) | 0.0011 0.847 (0.688, 1.041) | 0.1151 0.785 (0.591, 1.042) | 0.094 0.631 (0.49, 0.812) | 0.0004
History of smoking 1.057 (0.927, 1.207) | 0.4071 1.047 (0.859, 1.278) | 0.6469 1.014 (0.77, 1.335) | 0.9219 1.215(0.974, 1.515) | 0.0844
(Continued)
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Table 2. (Continued)

HbAlc 1.103 (1.044, 1.165) | 0.0005 1.065 (0.986, 1.151) | 0.1092 1.133 (1.029, 1.248) | 0.0109 1.197 (1.09, 1.315) | 0.0002
BMI by 10 kg/m2 1.251 (1.134, 1.379) | <.0001 | 1.308(1.132,1.51) | 0.0003 1.813 (1.517,2.166) | <.0001 | 0.948 (0.79, 1.138) | 0.5676
SBP by 10 mm Hg 1.02 (0.978, 1.063) | 0.3561 0.999 (0.939, 1.062) | 0.9662 1.057 (0.972, 1.148) | 0.1951 0.898 (0.839, 0.962) | 0.0021
DBP by 10 mm Hg 1.004 (0.93, 1.083) | 0.9245 1.132(1.01, 1.269) | 0.0326 1.011 (0.865, 1.181) | 0.8909 1.023 (0.901, 1.162) | 0.7216
LDL by 10 mg/dL 1.002 (0.982, 1.023) | 0.8356 1.027 (0.997, 1.058) | 0.0803 1.021 (0.98, 1.063) | 0.3242 0.992 (0.958, 1.027) | 0.6371
eGFR' 0.676 (0.586,0.78) | <.0001 | 0.749 (0.612, 0.916) | 0.0049 0.667 (0.511, 0.869) | 0.0027 0.579 (0.472,0.711) | < .0001
Proteinuria 2.031 (1.757,2.347) | < .0001 | 2.048 (1.661, 2.524) | <.0001 | 2.166 (1.629,2.88) | <.0001 | 1.532(1.217,1.927) | 0.0003
CCI 1.063 (1.036, 1.091) | <.0001 | 1.071(1.03,1.113) | 0.0006 1.097 (1.037, 1.159) | 0.0012 1.085 (1.042, 1.129) | 0.0001
ASCVD 0.956 (0.82,1.115) | 0.5635 1.003 (0.8, 1.258) | 0.9759 0.972 (0.706, 1.339) | 0.863 1.301 (1.035, 1.636) | 0.0242
Chronic Lung Disease 1.711 (1.298, 2.257) | 0.0001 1.393 (0.935, 2.077) | 0.1034 1.665 (0.99, 2.801) | 0.0546 1.629 (1.073, 2.473) | 0.0219
Diabetes Mellitus 0.96 (0.792,1.165) | 0.6821 1.22 (0.922,1.616) | 0.1645 0.859 (0.578, 1.277) | 0.4525 1.101 (0.814, 1.488) | 0.5336
Dementia 1.027 (0.678, 1.556) | 0.8994 | 0.801 (0.407, 1.574) | 0.5189 | 0.175 (0.024, 1.271) | 0.0848 | 0.978 (0.578, 1.653) | 0.9328
Psychotic Disorders 1.267 (0.701, 2.29) | 0.4331 1.738 (0.802, 3.765) | 0.1612 1.211 (0.367, 3.995) | 0.7531 1.503 (0.557, 4.058) | 0.421
Season®
Spring 2020 | 1.334 (1.149, 1.549) | 0.0002 1.536 (1.235,1.91) | 0.0001 1.756 (1.31, 2.353) | 0.0002 2.608 (2.072, 3.283) | < .0001
Summer 2020 | 0.987 (0.703, 1.387) | 0.9419 1.032 (0.612, 1.737) | 0.907 0.759 (0.327,1.76) | 0.5205 1.407 (0.829, 2.388) | 0.2063
Fall 2020 | 1.272 (1.058, 1.528) | 0.0104 1.255 (0.948, 1.663) | 0.1127 1.039 (0.688, 1.568) | 0.8556 0.947 (0.657, 1.365) | 0.7709
Spring 2021 | 1.153 (0.804, 1.653) | 0.4387 1.082 (0.619, 1.892) | 0.781 1.274 (0.628, 2.584) | 0.5022 0.639 (0.28, 1.456) | 0.2867
c. Patients with Current or Past Aspirin Use
Hospitalization ICU admission Intubation Death
OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
Current statin use 1.052 (0.872,1.27) | 0.5977 0.915 (0.695, 1.205) | 0.5283 1.085 (0.73, 1.614) | 0.6855 0.619 (0.467, 0.821) | 0.0009
Current RAASi use 0.906 (0.757, 1.085) | 0.2847 0.88 (0.677, 1.144) | 0.339 0.869 (0.599, 1.261) | 0.4609 0.735 (0.552, 0.979) | 0.0354
Current aspirin use 1.207 (1.017, 1.433) | 0.0314 1.132 (0.882, 1.454) | 0.3304 1.004 (0.701, 1.438) | 0.9812 1.022 (0.782, 1.336) | 0.8716
Current metformin use 1.039 (0.807, 1.339) | 0.7645 | 1.052 (0.736, 1.505) | 0.7796 | 1.328 (0.823,2.143) | 0.2454 | 1.036 (0.681, 1.576) | 0.8682
Age 1.034 (1.026, 1.042) | <.0001 | 1.021 (1.009, 1.032) | 0.0004 1.019 (1.002, 1.036) | 0.0283 1.067 (1.053, 1.082) | < .0001
Female 0.755 (0.635, 0.897) | 0.0014 0.618 (0.48,0.796) | 0.0002 0.426 (0.293,0.62) | < .0001 | 0.489 (0.372,0.645) | < .0001
English 0.97 (0.775, 1.215) | 0.7932 0.671 (0.487, 0.924) | 0.0145 0.926 (0.593, 1.449) | 0.7377 1.349 (0.917, 1.983) | 0.1283
White 0.88 (0.711, 1.088) | 0.2382 1.53 (1.116, 2.096) | 0.0082 0.844 (0.549, 1.297) | 0.4381 1.168 (0.82, 1.663) | 0.3904
Partnered 0.729 (0.614, 0.865) | 0.0003 0.874 (0.68,1.121) | 0.2888 1.17 (0.82, 1.668) | 0.3874 0.905 (0.687, 1.192) | 0.4769
Median Household Income By $1000 | 0.992 (0.988, 0.995) | <.0001 | 0.983 (0.977,0.989) | <.0001 | 0.993 (0.985,1.001) | 0.071 0.999 (0.994, 1.004) | 0.7517
Commercial Insurance 0.738 (0.618, 0.882) | 0.0008 0.727 (0.558, 0.947) | 0.0179 0.786 (0.541, 1.142) | 0.2068 0.713 (0.528, 0.962) | 0.0271
History of smoking 1.161 (0.979, 1.375) | 0.0859 1.319 (1.026, 1.696) | 0.0311 1.339 (0.932, 1.924) | 0.1139 1.226 (0.939, 1.601) | 0.1341
HbAlc 1.085 (1.007, 1.168) | 0.0323 1.055 (0.954, 1.168) | 0.2967 1.068 (0.935, 1.218) | 0.3324 1.202 (1.076, 1.342) | 0.0011
BMI by 10 kg/mZ 1.192 (1.048, 1.355) | 0.0076 1.302 (1.085, 1.561) | 0.0045 1.635 (1.284, 2.082) | 0.0001 0.984 (0.794, 1.22) | 0.8817
SBP by 10 mm Hg 0.963 (0.911, 1.018) | 0.1858 0.965 (0.89, 1.047) | 0.3946 1.022 (0.913, 1.145) | 0.7025 0.912 (0.837, 0.993) | 0.0335
DBP by 10 mm Hg 1.006 (0.909, 1.114) | 0.9049 1.076 (0.928, 1.247) | 0.3326 0.934 (0.757, 1.152) | 0.5218 1.066 (0.907, 1.252) | 0.4386
LDL by 10 mg/dL 1.009 (0.984, 1.035) | 0.4816 1.018 (0.979, 1.059) | 0.3688 1.036 (0.982, 1.093) | 0.1947 0.983 (0.941, 1.027) | 0.4387
eGFR! 0.734 (0.618, 0.871) | 0.0004 0.824 (0.649, 1.048) | 0.1142 0.796 (0.574, 1.105) | 0.1732 0.631 (0.496, 0.803) | 0.0002
Proteinuria 1.663 (1.377,2.007) | <.0001 | 1.527 (1.164, 2.003) | 0.0022 1.718 (1.178, 2.505) | 0.0049 1.589 (1.208, 2.091) | 0.0009
CCI 1.054 (1.019, 1.09) | 0.0023 1.076 (1.024, 1.13) | 0.0038 1.083 (1.008, 1.163) | 0.0286 1.144 (1.087,1.203) | < .0001
ASCVD 0.977 (0.813,1.174) | 0.8018 1.165 (0.893,1.52) | 0.2596 0.827 (0.565, 1.21) | 0.3273 1.242 (0.949, 1.625) | 0.1149
Chronic Lung Disease 1.593 (1.134, 2.239) | 0.0073 1.365 (0.86, 2.164) | 0.1866 1.995 (1.112, 3.579) | 0.0206 1.571 (0.946, 2.608) | 0.081
Diabetes Mellitus 1.126 (0.877, 1.445) | 0.354 1.308 (0.918, 1.865) | 0.1372 1.442 (0.876, 2.374) | 0.1499 0.958 (0.659, 1.395) | 0.8247
Dementia 1.023 (0.644, 1.626) | 0.9228 0.8 (0.373,1.713) | 0.5649 0.736 (0.223, 2.428) | 0.6143 0.845 (0.464, 1.536) | 0.5805
Psychotic Disorders 1.135 (0.607, 2.122) | 0.6909 1.42 (0.617, 3.268) | 0.4099 2.774 (1.111, 6.925) | 0.0288 3.654 (1.625, 8.214) | 0.0017
Season®
Spring 2020 | 0.964 (0.797, 1.166) | 0.7048 0.95(0.72,1.254) | 0.7185 1.154 (0.788, 1.69) | 0.4625 2.389 (1.808, 3.157) | < .0001
(Continued)
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Table 2. (Continued)

Summer 2020 | 0.444 (0.273, 0.721) | 0.001 0.502 (0.239, 1.055) | 0.0691 0.557 (0.198, 1.568) | 0.268 1.394 (0.736, 2.643) | 0.3083
Fall 2020 | 1.015 (0.792, 1.301) | 0.9064 0.991 (0.685, 1.433) | 0.961 0.744 (0.418, 1.325) | 0.3159 1.231 (0.788,1.921) | 0.3614
Spring 2021 | 1.176 (0.767, 1.803) | 0.4584 1.521 (0.862, 2.685) | 0.1481 1.183 (0.496, 2.819) | 0.7051 0.664 (0.254, 1.734) | 0.4031
d. Patients with Current or Past Metformin Use
Hospitalization ICU admission Intubation Death
OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
Current statin use 0.921 (0.745, 1.139) | 0.4469 1.091 (0.802, 1.484) | 0.5788 1.172 (0.774, 1.774) | 0.4533 1.067 (0.707, 1.61) | 0.756
Current RAASI use 0.948 (0.779, 1.154) | 0.595 1.057 (0.797, 1.401) | 0.7003 1.163 (0.797, 1.697) | 0.4338 0.6 (0.411, 0.876) | 0.0081
Current aspirin use 1.313 (1.036, 1.665) | 0.0244 0.973 (0.694, 1.365) | 0.8746 1.132(0.724, 1.77) | 0.5864 1.42 (0.926, 2.179) | 0.1082
Current metformin use 1.083 (0.869, 1.348) | 0.4787 1.005 (0.735, 1.373) | 0.9764 1.218 (0.79, 1.877) | 0.3713 0.545 (0.369, 0.805) | 0.0023
Age 1.037 (1.027, 1.047) | < .0001 | 1.036 (1.022, 1.051) | < .0001 1.03 (1.01, 1.05) 0.0031 1.067 (1.046, 1.089) | < .0001
Female 0.768 (0.634, 0.932) | 0.0073 0.702 (0.532, 0.926) | 0.0122 0.492 (0.339, 0.714) | 0.0002 0.735 (0.503, 1.076) | 0.1132
English 1.033(0.812, 1.313) | 0.7936 0.822 (0.587, 1.151) | 0.2537 0.774 (0.49, 1.221) | 0.2709 1.277 (0.776, 2.104) | 0.3359
White 0.867 (0.693, 1.085) | 0.2132 1.004 (0.725, 1.391) | 0.9807 0.89 (0.578,1.37) |0.5972 0.935 (0.591, 1.48) | 0.7749
Partnered 0.865 (0.718, 1.043) | 0.1298 0.894 (0.684, 1.169) | 0.4138 1.177 (0.823, 1.684) | 0.3708 1.304 (0.9, 1.889) | 0.1611
Median Household Income By $1000 | 0.997 (0.993, 1.002) | 0.1974 0.99 (0.983,0.997) | 0.004 1 (0.991, 1.008) 0.9346 1.007 (0.999, 1.015) | 0.0731
Commercial Insurance 0.802 (0.664, 0.968) | 0.0218 0.834 (0.636, 1.094) | 0.1893 0.796 (0.555, 1.143) | 0.2172 0.66 (0.447,0.975) | 0.0371
History of smoking 1.041 (0.86, 1.259) | 0.6807 1.346 (1.022, 1.772) | 0.0344 1.229 (0.851, 1.774) | 0.2722 1.425 (0.978, 2.078) | 0.0654
HbAlc 1.139(1.08, 1.202) | <.0001 | 1.087 (1.008, 1.173) | 0.0308 1.151 (1.044, 1.269) | 0.0047 1.079 (0.966, 1.206) | 0.1789
BMI by 10 kg/m2 1.293 (1.131, 1.479) | 0.0002 1.261 (1.04, 1.529) | 0.0181 1.898 (1.507, 2.389) | < .0001 | 0.949 (0.715, 1.259) | 0.7148
SBP by 10 mm Hg 1.011 (0.949, 1.078) | 0.731 0.999 (0.915, 1.092) | 0.9885 0.994 (0.882, 1.121) | 0.9233 0.901 (0.799, 1.015) | 0.0854
DBP by 10 mm Hg 1.037 (0.928, 1.158) | 0.5224 1.19(1.018,1.39) | 0.0287 1.179 (0.959, 1.448) | 0.1176 1.186 (0.962, 1.463) | 0.1103
LDL by 10 mg/dL 1.033 (1.005, 1.061) | 0.0194 1.04 (1.002, 1.079) | 0.0399 1.054 (1.003, 1.107) | 0.0366 1.006 (0.952, 1.062) | 0.8433
eGFR! 0.785 (0.602, 1.024) | 0.0743 0.909 (0.635, 1.301) | 0.6026 0.958 (0.574, 1.599) | 0.8699 0.659 (0.442, 0.983) | 0.041
Proteinuria 1.697 (1.384,2.081) | < .0001 | 2.374 (1.806, 3.121) | < .0001 | 2.399 (1.674, 3.436) | < .0001 | 1.961 (1.361, 2.826) | 0.0003
CCI 1.067 (1.025, 1.112) | 0.0017 1.086 (1.026, 1.149) | 0.0044 1.129 (1.045, 1.219) | 0.0021 1.158 (1.079, 1.243) | 0.0001
ASCVD 0.951 (0.755, 1.199) | 0.6704 1.065 (0.775, 1.464) | 0.6965 0.986 (0.641, 1.517) | 0.9498 0.885 (0.599, 1.307) | 0.538
Chronic Lung Disease 1.198 (0.772, 1.861) | 0.4202 1.059 (0.571, 1.965) | 0.8559 1.804 (0.907, 3.586) | 0.0925 1.34 (0.608, 2.954) | 0.4678
Diabetes Mellitus 0.842 (0.608, 1.166) | 0.3008 0.867 (0.535, 1.405) | 0.562 0.634 (0.345, 1.165) | 0.1422 1.612 (0.689, 3.773) | 0.2707
Dementia 0.491 (0.221, 1.091) | 0.0808 0.577 (0.198, 1.683) | 0.3138 0(0,.) 0.9836 1.257 (0.496, 3.19) | 0.6297
Psychotic Disorders 1.762 (0.955, 3.254) | 0.0701 1.693 (0.724, 3.961) | 0.2244 1.31 (0.388, 4.425) | 0.664 3.549 (1.362, 9.243) | 0.0095
Season”
Spring 2020 | 1.524 (1.238, 1.877) | 0.0001 1.813 (1.352, 2.432) | 0.0001 1.952 (1.34, 2.844) | 0.0005 2.81(1.903,4.149) | < .0001
Summer 2020 | 0.838 (0.503, 1.397) | 0.4979 0.803 (0.358, 1.797) | 0.5928 0.619 (0.188, 2.035) | 0.4292 1.512 (0.587, 3.894) | 0.392
Fall 2020 | 1.155 (0.883, 1.511) | 0.2929 1.383 (0.942, 2.029) | 0.0975 0.792 (0.44, 1.424) | 0.4359 1.112 (0.612, 2.023) | 0.7267
Spring 2021 | 1.017 (0.6, 1.723) | 0.95 1.268 (0.617, 2.606) | 0.5176 0.987 (0.374, 2.604) | 0.9789 1.344 (0.472, 3.827) | 0.5799

'eGFR was log transformed to reduce data skewness

“Winter 2020-21 served as the reference

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index; CCI, Charlson comorbidity index; DBP, diastolic blood pressure; eGFR,

estimated glomerular filtration rate; HbAlc, hemoglobin Alc; LDL, low density lipoprotein cholesterol; RAAS], renin angiotensin aldosterone system inhibitor; SBP,

systolic blood pressure

https://doi.org/10.1371/journal.pone.0275787.t1002

infection than those who were not [25]. De Spiegeleer et al. suggested that the discrepancy
they saw between an association with asymptomatic disease and not mortality was due to the
statins’ potential therapeutic effects during the initial stages of COVID-19 infection and not
later in the disease progression [25]. RAASi use may have been associated with decreased risk
of mortality secondary to a reduction in acute lung injury [37]. Metformin’s cardioprotective
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Table 3. Effect of study medications on COVID-19 outcomes: Propensity score analyses.

Statins RAASI Aspirin Metformin
OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
Hospitalization 0.916 (0.791, 1.06) 0.2401 0.984 (0.857, 1.129) 0.8141 1.183 (1.004, 1.393) 0.0446 1.039 (0.844, 1.279) 0.7189
ICU admission 0.892 (0.719, 1.105) 0.2941 0.946 (0.767, 1.165) 0.5992 1.122 (0.879, 1.432) 0.3567 0.972 (0.722, 1.307) 0.849
Intubation 0.909 (0.669, 1.235) 0.5407 1.084 (0.804, 1.463) 0.5963 1.009 (0.709, 1.434) 0.9614 1.157 (0.762, 1.756) 0.4939
Death 0.638 (0.522, 0.78) <.0001 0.564 (0.459, 0.693) <.0001 0.923 (0.726, 1.175) 0.5156 0.589 (0.414, 0.838) 0.0032

https://doi.org/10.1371/journal.pone.0275787.t1003

effects [13] may have been the reason for the observed lower risk of death, but did not have an
impact on hospitalization-related COVID-19 outcomes.

Khunti et al. observed an improvement in COVID-19 outcomes among patients taking
metformin and a greater risk of adverse outcomes associated with insulin use in a nationwide
cohort of individuals with T2DM [21]. They proposed that these associations were not actually
due to the medications themselves but instead more severe COVID-19 was seen in patients
who had progressed from metformin to insulin use to manage their diabetes [21]. It is possible
that our findings are also confounded by the differences in disease severity between patients
currently vs. previously taking statins, RAASi, and/or metformin. In three out of four medica-
tion classes we studied-except aspirin—patients previously on therapy had higher comorbidity
load (as represented by CCI) compared to the patients currently on therapy. Other comorbidi-
ties not captured by the CCI could therefore have been the reason for the higher mortality
observed in this group. Despite access to a robust EMR data source for gathering data on con-
founders and controlling for a variety of known risk factors for poor COVID-19 outcomes, it
is possible that residual confounding remained. For example, patients who continued cardio-
protective medications may have been more adherent to protective lifestyle behaviors and
other beneficial medications, resulting in lower mortality.

While this study did not find consistent evidence of benefit of cardiovascular medications
in treatment of COVID-19, it is possible that other pharmacological approaches focusing on
some of the same targets could succeed. In particular, recent studies on DNA and RNA apta-
mers targeting angiotensin converting enzyme and SARS-COV-2 spike protein have shown
promiise in in silico and in vitro studies [38, 39].

This study has many strengths. It was able to reduce selection bias by comparing current to
past recipients of the four medication classes under investigation. Our comparison groups
allowed for the inclusion of a more general population than other studies that limited the
study of RAASI medications to individuals with hypertension [22, 23, 31, 32] and metformin
to individuals with T2DM [4, 14, 20]. We instead included all patients whose healthcare pro-
viders felt they had an indication for a study medication. Additionally, we were able to mini-
mize exposure misclassification by our definition of past and current medication users. This is
an improvement over some earlier studies that only examined medication use at the time of or
after hospitalization due to COVID-19 occurred [19, 22-24, 29], rather than at the time of
COVID-19 testing. This reduces the risk that any benefits or harms identified to be associated
with study medications were due to treatment decisions associated with worsening disease
states. This large study was also the first, to our knowledge, to examine a broad range of
COVID-19 outcomes and consider four different medication classes in the same source
population.

Findings of the study should be interpreted in the light of its limitations. All patients came
from a single healthcare delivery system, which could limit our ability to generalize to the
entire US or world population. However, study findings align with those in previous studies
and a single center source allowed for similar treatment standards among all study patients.
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Table 4. Effect of study medications and patient characteristics on COVID-19 outcomes: Analysis limited to patients with history of adverse reactions to study

medications.

a. Patients with Current or Past Statin Use

Hospitalization ICU admission Intubation Death
OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
Current statin use 0.92 (0.708,1.196) |0.5347 | 0.786 (0.551,1.121) | 0.1835 | 0.864 (0.509, 1.467) | 0.5874 | 0.797 (0.536, 1.187) | 0.2647
Current RAASi use 0.95 (0.828,1.09) | 0.4645 | 0.968 (0.792,1.184) | 0.7552 | 0.962 (0.728,1.27) |0.7838 | 0.792(0.625,1.004) | 0.0541
Current aspirin use 1.265 (1.067, 1.5) | 0.0067 1.16 (0.909, 1.479) | 0.2323 1.038 (0.738, 1.461) | 0.8292 1.183 (0.896, 1.562) | 0.2359
Current metformin use 1.176 (0.964, 1.435) | 0.1095 1.173 (0.89, 1.546) | 0.2566 1.3 (0.894, 1.89) 0.1691 0.69 (0.486, 0.978) 0.0373
Age 1.035 (1.027, 1.042) | <.0001 | 1.019 (1.009, 1.03) | 0.0004 |1.015 (1, 1.03) 0.0484 | 1.078 (1.064, 1.092) | < .0001
Female 0.797 (0.693, 0.916) | 0.0015 | 0.772 (0.629, 0.948) | 0.0133 | 0.587 (0.439, 0.784) | 0.0003 | 0.605 (0.475, 0.772) | 0.0001
English 0.926 (0.761, 1.126) | 0.4413 | 0.715 (0.546, 0.937) | 0.015 0.802 (0.557, 1.155) | 0.2362 | 1.125 (0.783,1.617) | 0.5233
White 0.773 (0.647,0.925) | 0.0049 | 1.147 (0.885, 1.487) | 0.3006 | 0.701 (0.497, 0.987) | 0.042 1.244 (0.888, 1.745) | 0.2045
Partnered 0.817 (0.712,0.937) | 0.0039 | 0.909 (0.744, 1.111) | 0.3523 | 1.228 (0.927,1.628) | 0.1528 | 0.941 (0.742,1.194) | 0.6181
Median Household Income By $1000 | 0.995 (0.992, 0.998) | 0.0017 | 0.986 (0.981, 0.991) | < .0001 | 0.995 (0.988,1.001) | 0.0948 | 0.997 (0.993,1.002) | 0.2331
Commercial Insurance 0.774 (0.67,0.894) | 0.0005 | 0.643 (0.519,0.797) | 0.0001 | 0.622 (0.463,0.837) | 0.0017 | 0.562 (0.425,0.742) | 0.0001
History of smoking 1.057 (0.922, 1.212) | 0.4251 1.155 (0.945, 1.413) | 0.1587 | 1.059 (0.802, 1.399) | 0.686 1.173 (0.925,1.489) | 0.188
HbAlc 1.111 (1.046, 1.18) | 0.0007 | 1.035(0.959,1.118) | 0.3773 | 1.084 (0.979,1.201) | 0.1195 | 1.185(1.07, 1.313) 0.0012
BMI by 10 kg/m2 1.223 (1.097, 1.363) | 0.0003 | 1.246 (1.07, 1.451) | 0.0047 | 1.845 (1.527,2.231) | <.0001 | 0.905 (0.736, 1.113) | 0.3437
SBP by 10 mm Hg 0.981 (0.938,1.027) | 0.4139 | 0.971 (0.909, 1.037) | 0.3732 | 1.044 (0.955, 1.142) | 0.3454 | 0.893 (0.828,0.963) | 0.0033
DBP by 10 mm Hg 1.014 (0.934, 1.101) | 0.7437 1.067 (0.946, 1.203) | 0.2918 |0.914 (0.775, 1.078) | 0.2865 1.03 (0.895, 1.186) 0.6791
LDL by 10 mg/dL 1.022 (1.001, 1.043) | 0.04 1.045 (1.015, 1.076) | 0.0027 1.034 (0.993, 1.077) | 0.1079 | 0.988 (0.95, 1.028) 0.5456
eGFR' 0.627 (0.535, 0.734) | < .0001 | 0.73 (0.589, 0.905) | 0.0041 |0.853(0.632,1.15) | 0.2973 |0.628 (0.497,0.793) |0.0001
Proteinuria 1.727 (1.476, 2.019) | < .0001 | 1.788 (1.434, 2.229) | <.0001 | 2.005 (1.488,2.702) | < .0001 | 1.422(1.107, 1.827) | 0.0059
CCI 1.067 (1.039, 1.097) | < .0001 | 1.068 (1.027, 1.111) | 0.0011 1.081 (1.022, 1.143) | 0.0068 | 1.123 (1.076,1.172) | < .0001
ASCVD 1.024 (0.879, 1.193) | 0.7572 | 1.062 (0.849, 1.328) | 0.5971 | 1.028 (0.752, 1.405) | 0.8629 | 1.295(1.016, 1.651) | 0.0366
Chronic Lung Disease 1.7 (1.293,2.237) | 0.0001 1.349 (0.906, 2.008) | 0.1404 | 1.88 (1.14, 3.099) 0.0134 | 1.55 (1.002, 2.397) 0.0489
Diabetes Mellitus 0.966 (0.786, 1.187) | 0.7403 | 1.315 (0.988, 1.751) | 0.0609 | 1.042 (0.698, 1.554) | 0.8421 1.438 (1.041, 1.985) | 0.0273
Dementia 1.228 (0.81,1.863) |0.3329 | 1.159(0.631,2.128) | 0.6349 | 0.538 (0.167,1.739) | 0.3007 | 1.173 (0.677,2.032) | 0.5698
Psychotic Disorders 1.856 (1.107, 3.112) | 0.0191 1.672(0.85,3.287) | 0.1362 | 1.544 (0.596, 4.003) | 0.3712 | 2.731 (1.235,6.037) | 0.0131
Season®
Spring 2020 | 1.367 (1.17, 1.598) | 0.0001 1.517 (1.214, 1.895) | 0.0002 | 1.743 (1.296, 2.345) | 0.0002 | 2.992 (2.334, 3.835) | < .0001
Summer 2020 | 0.876 (0.614, 1.249) | 0.4639 | 0.908 (0.531,1.55) | 0.7229 |0.708 (0.305, 1.645) | 0.4221 1.211 (0.666, 2.201) | 0.5309
Fall 2020 | 1.128 (0.927, 1.372) | 0.2284 1.201 (0.9, 1.601) 0.2133 | 0.848 (0.542, 1.326) | 0.469 1.137 (0.775,1.667) | 0.5112
Spring 2021 | 1.053 (0.716, 1.549) | 0.7925 | 1.323 (0.777,2.251) | 0.3021 | 1.01(0.457,2.232) | 0.9802 | 0.862 (0.382,1.945) | 0.7199
b. Patients with Current or Past RAASi use
Hospitalization ICU admission Intubation Death
OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
Current statin use 0.825 (0.702, 0.968) | 0.0186 1.002 (0.786, 1.277) | 0.9872 | 0.966 (0.696, 1.342) | 0.8387 0.791 (0.592, 1.057) | 0.1129
Current RAASi use 1.069 (0.873,1.31) | 0.5166 | 0.983(0.728, 1.327) | 0.9106 1.062 (0.693, 1.628) | 0.7826 0.862 (0.63,1.18) | 0.3543
Current aspirin use 1.182 (0.968, 1.443) | 0.1012 1.007 (0.748, 1.354) | 0.9656 | 0.923 (0.612, 1.391) | 0.7008 1.156 (0.815, 1.638) | 0.4161
Current metformin use 1.213 (0.983, 1.497) | 0.0724 1.282 (0.949, 1.731) | 0.106 1.385 (0.93,2.064) | 0.1093 0.684 (0.458,1.022) | 0.0636
Age 1.038 (1.03, 1.045) | < .0001 | 1.033 (1.022, 1.045) | <.0001 | 1.018 (1.003, 1.034) | 0.0208 1.071 (1.056, 1.087) | < .0001
Female 0.807 (0.695, 0.938) | 0.0053 | 0.666 (0.53, 0.836) | 0.0005 | 0.597 (0.438,0.816) | 0.0012 | 0.616 (0.466,0.813) | 0.0006
English 0.982 (0.801, 1.205) | 0.8641 0.847 (0.632, 1.135) | 0.2652 1.02 (0.684, 1.522) | 0.923 1.329 (0.889, 1.987) | 0.1657
White 0.8 (0.665,0.962) | 0.0177 1.019 (0.774, 1.342) | 0.8925 0.728 (0.508, 1.044) | 0.0844 1.186 (0.827,1.703) | 0.354
Partnered 0.876 (0.757, 1.015) | 0.0777 0.986 (0.791, 1.23) | 0.9032 1.241 (0.917, 1.678) | 0.1617 0.868 (0.663, 1.137) | 0.3056
Median Household Income By $1000 | 0.995 (0.992, 0.998) | 0.0015 | 0.987 (0.982,0.992) | < .0001 0.993 (0.986, 1) 0.0421 0.997 (0.991, 1.002) | 0.2052
Commercial Insurance 0.776 (0.666, 0.904) | 0.0011 0.828 (0.659, 1.041) | 0.1061 | 0.802 (0.589, 1.092) | 0.162 0.642 (0.473,0.871) | 0.0043
(Continued)
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Table 4. (Continued)

History of smoking 1.031 (0.89, 1.193) | 0.685 1.066 (0.854, 1.33) | 0.5726 | 0.965 (0.714, 1.306) | 0.8182 1.186 (0.908, 1.55) | 0.2114
HbAlc 1.131 (1.064, 1.202) | 0.0001 1.09 (1.004, 1.183) | 0.0398 1.164 (1.052, 1.288) | 0.0034 1.177 (1.046, 1.323) | 0.0069
BMI by 10 kg/m2 1.325(1.19, 1.476) | <.0001 | 1.326 (1.129, 1.557) | 0.0006 1.859 (1.53,2.259) | <.0001 | 0.987 (0.793,1.229) | 0.9102
SBP by 10 mm Hg 1.016 (0.97, 1.065) | 0.4973 0.979 (0.914, 1.05) | 0.5574 | 1.063 (0.969, 1.165) | 0.1939 0.922 (0.848, 1.002) | 0.0561
DBP by 10 mm Hg 1.039 (0.954, 1.132) | 0.3776 | 1.212 (1.066, 1.377) | 0.0032 1.05 (0.886, 1.245) | 0.5741 0.928 (0.795, 1.083) | 0.3421
LDL by 10 mg/dL 1.008 (0.986, 1.031) | 0.4702 1.04 (1.007, 1.074) | 0.0185 1.042 (0.997, 1.089) | 0.0653 1.008 (0.965, 1.053) | 0.7204
eGFR! 0.657 (0.551, 0.784) | < .0001 | 0.686 (0.535,0.878) | 0.0028 | 0.791 (0.566, 1.105) | 0.1688 0.514 (0.395,0.67) | <.0001
Proteinuria 2.094 (1.782,2.462) | < .0001 | 1.789 (1.412,2.268) | < .0001 | 2.185 (1.601,2.981) | <.0001 | 1.593(1.203,2.109) | 0.0011
CCI 1.059 (1.028, 1.091) | 0.0001 1.086 (1.039, 1.136) | 0.0003 1.126 (1.057,1.2) | 0.0002 1.097 (1.044, 1.152) | 0.0003
ASCVD 0.962 (0.809, 1.144) | 0.6608 | 0.927 (0.716, 1.201) | 0.5675 0.973 (0.68, 1.392) | 0.8804 1.098 (0.829, 1.455) | 0.5149
Chronic Lung Disease 1.698 (1.234, 2.337) | 0.0012 1.74 (1.128, 2.682) | 0.0122 1.88 (1.072, 3.296) | 0.0275 2.164 (1.333,3.512) | 0.0018
Diabetes Mellitus 0.961 (0.772, 1.196) | 0.7216 | 1.289(0.939,1.77) | 0.1162 | 1.059 (0.684, 1.639) | 0.7987 | 1.216 (0.842, 1.758) | 0.2976
Dementia 0.91 (0.54, 1.531) | 0.7213 0.6 (0.236,1.53) | 0.285 0(0,.) 0.979 0.997 (0.489, 2.032) | 0.9927
Psychotic Disorders 1.599 (0.821, 3.113) | 0.1672 2.121 (0.914, 4.921) | 0.0799 1.633 (0.485, 5.495) | 0.4284 2.541 (0.859, 7.514) | 0.0919
Season®
Spring 2020 | 1.429 (1.209, 1.689) | < .0001 | 1.812 (1.422,2.311) | <.0001 | 2.154 (1.562,2.97) | <.0001 | 2.858(2.152,3.796) | <.0001
Summer 2020 | 0.969 (0.654, 1.436) | 0.8754 | 1.012 (0.547, 1.872) | 0.9704 | 0.846 (0.335,2.135) | 0.7232 2.028 (1.088, 3.781) | 0.0261
Fall 2020 | 1.311 (1.071, 1.604) | 0.0087 | 1.333(0.977,1.817) | 0.0696 | 1.058 (0.667,1.676) | 0.8116 1.174 (0.773,1.784) | 0.452
Spring 2021 | 1.225 (0.83, 1.809) | 0.307 1.176 (0.644, 2.149) | 0.5975 1.619 (0.786, 3.336) | 0.1916 0.884 (0.367,2.132) | 0.7837
c. Patients with Current or Past Aspirin Use
Hospitalization ICU admission Intubation Death
OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
Current statin use 0.927 (0.716, 1.201) | 0.5671 0.9 (0.619,1.31) |0.583 0.979 (0.567, 1.692) | 0.9403 0.643 (0.429, 0.963) | 0.0321
Current RAASI use 0.866 (0.682, 1.099) | 0.2358 0.814 (0.576, 1.15) | 0.243 0.821 (0.499, 1.352) | 0.4391 0.735 (0.495, 1.092) | 0.1273
Current aspirin use 1.304 (0.987, 1.723) | 0.0613 | 1.185 (0.785, 1.788) | 0.4188 0.986 (0.54,1.8) | 0.9635 | 1.229(0.779, 1.938) | 0.3757
Current metformin use 1.055 (0.76, 1.464) | 0.7505 1.01 (0.638, 1.6) 0.9646 1.308 (0.701, 2.44) | 0.3983 1.149 (0.652, 2.024) | 0.6306
Age 1.03 (1.02, 1.041) | <.0001 | 1.014 (0.999, 1.029) | 0.0719 1.022 (0.999, 1.044) | 0.0582 1.082 (1.061, 1.102) | < .0001
Female 0.703 (0.556, 0.889) | 0.0032 | 0.704 (0.503, 0.986) | 0.0413 0.43 (0.26,0.712) | 0.001 0.666 (0.453,0.98) | 0.039
English 0.944 (0.709, 1.256) | 0.6929 | 0.698 (0.462, 1.056) | 0.089 1.104 (0.616, 1.98) | 0.7396 1.068 (0.645, 1.769) | 0.7971
White 0.973 (0.735, 1.287) | 0.8474 1.863 (1.235,2.81) | 0.003 0.791 (0.444, 1.407) | 0.4244 1.732 (1.052, 2.85) | 0.0308
Partnered 0.733 (0.581, 0.924) | 0.0087 | 0.924 (0.662, 1.288) | 0.6394 1.37 (0.852,2.204) |0.1938 0.785(0.529, 1.163) | 0.2267
Median Household Income By $1000 | 0.987 (0.982, 0.992) | < .0001 | 0.984 (0.976, 0.992) | 0.0001 | 0.991 (0.981, 1.003) | 0.1299 0.993 (0.986, 1.001) | 0.0675
Commercial Insurance 0.746 (0.589, 0.946) | 0.0153 0.65 (0.456, 0.925) | 0.0167 | 0.581 (0.345, 0.978) | 0.0408 0.594 (0.388,0.91) | 0.0167
History of smoking 1.157 (0.922, 1.452) | 0.208 1.248 (0.896, 1.737) | 0.1895 1.12 (0.694, 1.807) | 0.6418 1.011 (0.699, 1.463) | 0.9525
HbAlc 1.056 (0.965, 1.155) | 0.2355 1.011 (0.89, 1.149) | 0.8686 0.997 (0.84, 1.182) | 0.9694 1.039 (0.875, 1.233) | 0.6612
BMI by 10 kg/m2 1.251 (1.059, 1.478) | 0.0085 1.222 (0.967, 1.543) | 0.0932 1.772 (1.304, 2.406) | 0.0003 0.942 (0.699, 1.271) | 0.6973
SBP by 10 mm Hg 0.94 (0.871,1.014) |0.1109 0.958 (0.857, 1.07) | 0.442 0.973 (0.832, 1.137) | 0.7275 0.89 (0.789, 1.003) | 0.0568
DBP by 10 mm Hg 1.067 (0.931, 1.223) | 0.3508 1.198 (0.985, 1.457) | 0.0702 0.937 (0.702, 1.25) | 0.6579 0.98 (0.783,1.227) | 0.863
LDL by 10 mg/dL 1.016 (0.982, 1.052) | 0.3553 1.033 (0.982, 1.086) | 0.2054 1.054 (0.982, 1.131) | 0.1427 0.987 (0.93, 1.047) | 0.6603
eGFR! 0.714 (0.564, 0.903) | 0.005 0.727 (0.53,0.997) | 0.048 0.663 (0.431, 1.02) | 0.0615 0.644 (0.454,0.912) | 0.0133
Proteinuria 1.613 (1.249, 2.085) | 0.0003 1.378 (0.949, 2.001) | 0.092 1.452 (0.856, 2.466) | 0.1669 1.641 (1.111, 2.424) | 0.0128
CCI 1.049 (1.003, 1.098) | 0.0367 | 1.044 (0.977, 1.116) | 0.1991 1.005 (0.913, 1.107) | 0.9185 1.059 (0.99, 1.131) | 0.0932
ASCVD 0.987 (0.772,1.262) | 0.9159 | 1.252 (0.878, 1.785) | 0.2152 1.119 (0.675, 1.856) | 0.6634 1.472 (1.003,2.16) | 0.048
Chronic Lung Disease 1.877 (1.223,2.881) | 0.004 1.596 (0.901, 2.825) | 0.1088 | 2.181 (1.036, 4.592) | 0.04 1.157 (0.547, 2.444) | 0.703
Diabetes Mellitus 1.206 (0.867, 1.679) | 0.2663 1.718 (1.077, 2.742) | 0.0232 1.985 (1.019, 3.866) | 0.0437 1.156 (0.676, 1.978) | 0.5961
Dementia 1.235 (0.669, 2.279) | 0.5003 | 0.786 (0.271, 2.284) | 0.6587 | 0.495 (0.065, 3.755) | 0.4964 0.237 (0.068, 0.822) | 0.0232
Psychotic Disorders 0.969 (0.432,2.169) | 0.9381 | 0.894 (0.259, 3.084) | 0.8588 1.85(0.512, 6.683) | 0.3476 2.409 (0.723, 8.026) | 0.1522
Season®
(Continued)
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Table 4. (Continued)

Spring 2020 | 1.059 (0.826, 1.358) | 0.6519 0.917 (0.635, 1.323) | 0.6415 1.119 (0.679, 1.846) | 0.6584 2.069 (1.398, 3.064) | 0.0003
Summer 2020 | 0.637 (0.357, 1.137) | 0.1273 0.663 (0.276, 1.593) | 0.3579 0.88 (0.295, 2.622) | 0.8184 2.256 (1.035,4.916) | 0.0407
Fall 2020 | 0.975 (0.695, 1.367) | 0.8835 1.063 (0.66, 1.71) | 0.8021 0.598 (0.26, 1.376) | 0.2264 1.351 (0.731, 2.497) | 0.3373
Spring 2021 | 1.01 (0.557, 1.834) | 0.9732 1.148 (0.499, 2.641) | 0.7463 | 0.355 (0.047, 2.652) | 0.3128 0.523 (0.116, 2.358) | 0.3989
d. Patients with Current or Past Metformin Use
Hospitalization ICU admission Intubation Death
OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) P-value
Current statin use 0.802 (0.631, 1.02) | 0.0716 | 0.941 (0.668, 1.326) | 0.7295 1.059 (0.674, 1.665) | 0.8028 0.982 (0.571, 1.689) | 0.9475
Current RAASI use 1.013 (0.813, 1.263) | 0.9061 1.076 (0.787, 1.473) | 0.6449 1.337(0.88,2.031) | 0.1739 0.652 (0.412, 1.031) | 0.0675
Current aspirin use 1.38 (1.061, 1.795) | 0.0162 1.03 (0.708, 1.499) | 0.8784 1.211 (0.747, 1.963) | 0.4377 1.656 (0.989, 2.772) | 0.0552
Current metformin use 0.799 (0.55,1.16) | 0.2382 | 0.597 (0.369, 0.967) | 0.0361 0.661 (0.345, 1.267) | 0.2124 0.577 (0.296, 1.121) | 0.1047
Age 1.042 (1.03, 1.054) | < .0001 | 1.039 (1.022, 1.056) | < .0001 | 1.035 (1.012, 1.057) | 0.0024 1.078 (1.049, 1.108) | < .0001
Female 0.749 (0.603, 0.93) | 0.0089 0.693 (0.508, 0.945) | 0.0204 0.508 (0.338, 0.764) | 0.0011 0.657 (0.406, 1.063) | 0.0869
English 1.001 (0.765, 1.31) | 0.9935 0.853 (0.588, 1.239) | 0.4049 0.778 (0.473,1.279) | 0.322 0.981 (0.532, 1.808) | 0.9514
White 0.895 (0.695, 1.153) | 0.3908 0.925 (0.642, 1.332) | 0.6738 0.768 (0.478, 1.236) | 0.277 0.993 (0.549, 1.795) | 0.9814
Partnered 0.879 (0.712, 1.085) | 0.23 0.852 (0.631, 1.15) | 0.2954 1.207 (0.814, 1.79) | 0.35 1.282 (0.804, 2.043) | 0.2974
Median Household Income By $1000 | 0.996 (0.991, 1.001) | 0.1125 0.99 (0.983,0.998) | 0.0119 1.003 (0.994, 1.012) | 0.5758 1.012 (1.002, 1.022) | 0.0137
Commercial Insurance 0.878 (0.711, 1.085) | 0.2297 | 0.942 (0.697, 1.274) | 0.7 0.867 (0.583, 1.289) | 0.4818 0.573 (0.345,0.951) | 0.0312
History of smoking 1.031 (0.832, 1.278) | 0.7771 1.308 (0.961, 1.779) | 0.0881 1.25(0.834, 1.873) | 0.2803 1.285(0.801, 2.062) | 0.2983
HbAlc 1.131 (1.063, 1.203) | 0.0001 1.082 (0.992, 1.181) | 0.0759 1.175 (1.055, 1.309) | 0.0033 1.234 (1.074, 1.419) | 0.0031
BMI by 10 kg/mz 1.295(1.112, 1.508) | 0.0009 1.239 (0.999, 1.536) | 0.0515 1.927 (1.499, 2.478) | < .0001 | 1.385(0.992,1.935) | 0.0557
SBP by 10 mm Hg 1.002 (0.932, 1.078) | 0.954 0.96 (0.867,1.064) | 0.4353 | 0.967 (0.845, 1.106) | 0.6228 0.854 (0.727, 1.002) | 0.0531
DBP by 10 mm Hg 1.041 (0.916, 1.184) | 0.5359 1.166 (0.973, 1.397) | 0.0969 1.198 (0.948, 1.512) | 0.1296 1.322(1.004, 1.74) | 0.0466
LDL by 10 mg/dL 1.054 (1.022, 1.087) | 0.0007 1.065 (1.022, 1.111) | 0.003 1.076 (1.02, 1.135) | 0.007 0.984 (0.912, 1.062) | 0.682
eGFR! 0.794 (0.569, 1.108) | 0.1741 0.962 (0.619, 1.497) | 0.8653 1.18 (0.637,2.188) | 0.5989 0.7 (0.394, 1.246) 0.2254
Proteinuria 1.725(1.372,2.169) | < .0001 | 2.418 (1.785, 3.277) | <.0001 | 2.318 (1.568, 3.429) | < .0001 | 1.924 (1.228,3.013) | 0.0043
CCI 1.041 (0.994, 1.09) | 0.091 1.058 (0.992, 1.128) | 0.0886 1.146 (1.051, 1.248) | 0.0019 1.187 (1.086, 1.297) | 0.0002
ASCVD 1.018 (0.784, 1.322) | 0.8942 1.146 (0.801, 1.641) | 0.4563 1.101 (0.688, 1.761) | 0.689 0.955 (0.591, 1.544) | 0.8501
Chronic Lung Disease 1.228 (0.75,2.011) | 0.4152 1.02 (0.502, 2.071) | 0.9559 1.732 (0.808, 3.711) | 0.158 1.316 (0.495, 3.496) | 0.5819
Diabetes Mellitus 0.815 (0.557, 1.193) | 0.2926 | 0.868 (0.497,1.515) | 0.6188 | 0.573(0.289, 1.135) | 0.1102 1.062 (0.347,3.25) | 0.9159
Dementia 0.674 (0.261, 1.737) | 0.4139 | 0.798 (0.226, 2.818) | 0.7262 0(0,.) 0.9782 0.363 (0.043, 3.073) | 0.3522
Psychotic Disorders 1.98 (0.958, 4.092) | 0.0653 1.974 (0.774, 5.037) | 0.1548 1.733 (0.497, 6.049) | 0.3883 3.921 (1.206, 12.747) | 0.0231
Season”
Spring 2020 | 1.462 (1.155, 1.852) | 0.0016 1.916 (1.378, 2.663) | 0.0001 2.09 (1.382,3.16) | 0.0005 2.839 (1.742,4.627) | < .0001
Summer 2020 | 0.826 (0.474, 1.441) | 0.5017 | 0.967 (0.425, 2.197) | 0.9355 | 0.698 (0.209, 2.334) | 0.5599 2.133(0.795, 5.724) | 0.1324
Fall 2020 | 1.218 (0.905, 1.638) | 0.193 1.49 (0.974,2.279) | 0.0658 0.935 (0.503, 1.737) | 0.8305 1.144 (0.549, 2.383) | 0.7188
Spring 2021 | 1.109 (0.626, 1.963) | 0.7234 1.675 (0.782,3.59) | 0.1846 1.003 (0.335, 3.001) | 0.9954 0.684 (0.147, 3.186) | 0.6282

'eGER was log transformed to reduce data skewness

“Winter 2020-21 served as the reference

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index; CCI, Charlson comorbidity index; DBP, diastolic blood pressure; eGFR,

estimated glomerular filtration rate; HbAlc, hemoglobin Alc; LDL, low density lipoprotein cholesterol; RAASI, renin angiotensin aldosterone system inhibitor; SBP,

systolic blood pressure

https://doi.org/10.1371/journal.pone.0275787.1004

This study did not include other cardiometabolic medications, such as anticoagulants, gluca-
gon-like peptide 1 (GLP1) agonists and sodium-glucose cotransporter 2 (SGLT2) inhibitors,
that may impact outcomes of COVID-19 [35, 40]. This was an observational study rather than
a randomized controlled trial, and therefore causation cannot be established. Data analyzed in
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the study were collected in the course of patient care delivery rather than specifically for the
study, and therefore testing procedures may not have been uniform among study patients.
Information on the patients’ SARS-CoV-2 viral load was not available for analysis. Many
patients in the study were taking multiple medications, which could have led to drug-drug
interactions affecting patient outcomes. Lastly, we were unable to examine biomarkers that
may have highlighted other mechanisms that could explain the associations observed.

Conclusions

This study did not find a consistent evidence of benefit of cardioprotective medications for
patients with COVID-19. However, it is important to note that even with increased availability
of COVID-19 vaccines, elderly and immunocompromised patients with breakthrough
COVID-19 infections remain at risk for severe adverse outcomes. Effective treatments (e.g.
monoclonal antibodies and antiviral drugs that are already used for patient care as well as ther-
apies under development, such as DNA / RNA aptamers) are emerging but are not yet univer-
sally available; their availability may remain limited in resource-constrained settings and / or
emerging economies. We should therefore continue to rigorously assess whether cheap and
universally available medications, like the ones analyzed in this study, could benefit patients
with COVID-19.
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