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BACKGROUND: Many severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2)positivepatients takecommonly
prescribed medications with properties which may affect
mortality.
OBJECTIVE: Assess if common medications postulated
to affect clinical outcomes are associated withmortality in
SARS-CoV-2 positive patients in the Veterans Health Ad-
ministration (VHA).
DESIGN: Observational national cohort analysis.
PARTICIPANTS: Consecutive 26,508 SARS-CoV-2 posi-
tive Veterans (7% of 399,290 tested from March 1 to Sep-
tember 10, 2020) constitute the study cohort.
MAIN MEASURES: The primary outcome was 30-day
mortality from the first positive SARS-CoV-2 test date. In
patients receiving medications or drug pairs within 2
weeks post-SARS-CoV-2 positive test, 30-day mortality
was estimated as relative risk (RR) on the log-binomial
scale or using multinomial models with and without
adjusting for covariates.
KEY RESULTS: The 26,508 SARS-CoV-2 positive patients
were predominantly male (89%) and White (59%), and 82%
were overweight/obese. Medications associated with de-
creased 30-day mortality risk included the following: metfor-
min (aRR, 0.33; 95% CI, 0.25–0.43), colchicine, angiotensin-
converting-enzyme inhibitors (ACEi), angiotensin II receptor
blockers, statins, vitamin D, antihistamines, alpha-blockers,
anti-androgens, and nonsteroidal anti-inflammatory drugs
(aRR, 0.69; 95% CI, 0.61–0.78). The effect of co-prescribed
medications on 30-daymortality risk revealed the lowest risk
for combined statins and metformin (aRR, 0.21; 95% CI,
0.15–0.31), followed by ACEi and statins (aRR, 0.25; 95%
CI, 0.18–0.35), ACEi and metformin (aRR, 0.26; 95% CI,
0.17–0.40), antihistamines and NSAIDs (aRR, 0.41; 95% CI,
0.32–0.52), and in men, combined alpha-blockers and anti-
androgens (aRR, 0.51; 95% CI, 0.42–0.64).
CONCLUSIONS: In this large national cohort, treatment
of SARS-CoV-2 positive patients with individual or co-
prescribed metformin and statins, ACEi and statins (or

metformin) and other medications was associated with a
markedly decreased 30-day mortality and can likely be
continued safely. Clinical trials may assess their thera-
peutic benefit.
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INTRODUCTION

Coronavirus disease-19 (COVID-19) has become a leading
cause of US deaths with its high infectivity, inadequate
COVID-19 vaccination rates, and dearth of highly effective
treatments.1,23–5 Despite concerted efforts to evaluate
repurposed medications in the prevention and treatment of
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), few agents have demonstrated efficacy in controlled
clinical trials and/or received emergency use authorization.
Among these, dexamethasone has the most consistent mortal-
ity benefit — decreasing mortality by approximately 30% in
the RECOVERY Trial.6 However, there are many safe, com-
monly prescribed medications that have mechanisms of action
and pharmacology that suggest that they could be beneficial
for the treatment of COVID-19.
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As the largest integrated US health care system, the Vet-
erans Health Administration (VHA) includes extensive phar-
macy data in its electronic health record database to assess the
effect of licensed medications on SARS-CoV-2.3,7,8 In a na-
tional observational VHA cohort, we compared the 30-day
mortality of Veterans testing positive for SARS-CoV-2 with
and without prescriptions for medications hypothesized to
modulate outcomes (in the presence and absence of potential
confounders and risk modifiers).9 Medications which may
modulate inflammation and/or cytokine release syndrome
and affect COVID-19 mortality include the following: metfor-
min, antihistamines, vitamin D, non-steroidal anti-inflamma-
tory agents (NSAIDs), α-1 adrenergic receptor antagonists,
statins, corticosteroids, and others.10–27 By examining ap-
proved therapeutics with a biologic rationale to affect
COVID-19 progression in a large national cohort, we antici-
pate identifying drugs which may be safely continued in
SARS-CoV-2 and may favorably impact mortality.

METHODS

Study Design, Data Source, and Study Drug
Selection

We previously developed a well-characterized patient cohort
tested for SARS-CoV-2 using the COVID-19 shared data
resource and related data in the Corporate Data Warehouse
(CDW).28

Prior to analysis, we identified eleven safe, commonly used
licensed medications with a mechanism of action or pharma-
cologic effect hypothesized to decrease SARS-CoV-2 30-day
mortality as our study medications: angiotensin-converting
enzyme inhibitors (ACEis), angiotensin receptor blockers
(ARBs), alpha-blockers, anti-androgens, antihistamines, col-
chicine, metformin, nicotine replacement products, statins,
and vitamin D.10–16 Inpatient or outpatient systemic adminis-
tration of corticosteroids (e.g., dexamethasone) was treated as
a covariate in our analysis.
Our hypothesis was that drugs suggested to alleviate

COVID-19 progression through various mechanisms may
exert protective effects and reduce overall mortality after
SARS-CoV-2-infection. We also hypothesized that drugs
may exert synergistic protective effects when used in combi-
nations. Our specific aims were as follows: 1) to evaluate the
associations between post-infection study drug use and 30-day
overall mortality while considering confounders; and 2) to
compare the risk reduction in single drug use vs. combination
use for selected drug pairs. The Durham Veterans Affairs
(VA) Health Care System Institutional Review Board ap-
proved this study protocol.

Cohort Definition

Using the previously defined cohort,28 we analyzed all the
SARS-CoV-2 positive Veterans tested from March 1 to

September 10, 2020. We included hospitalized and non-
hospitalized patients, males and females, and all race/
ethnicity categories for this analysis to increase the generaliz-
ability of the study findings. We report the first SARS-CoV-2
positive collection date as the index date and describe this first
event only.

Study Variables Created for the SARS-COV-2
Cohort

Study Outcome. The primary outcome was 30-day overall
mortality after the first positive SARS-CoV-2 test. The VA
identifies deaths within and outside of the VA in the Corporate
Data Warehouse through VA inpatient files, VA Beneficiary
Identification and Records Locator System, Social Security
Administration death files, and the Department of Defense.29

Predictor Variables. The primary predictors were use of the
selected medications (listed in Supplementary Table 1). Using
outpatient and inpatient prescription and dispense records,
medication use was defined as drugs administered at least
50% of the time (≥7 days or a half of the survival time) within
2 weeks post-SARS-CoV-2 testing. Eleven individual binary
variables were created accordingly. To assess synergistic drug
effects, we created four categories (−/−, −/+, +/−, and +/+) for
each pair. All medication use within the VHA and non-VHA
medication use recorded in CDW were analyzed. Only VA
hospitalizations were included. Most Veterans receiving anti-
hypertensives, antiandrogens, metformin, statins, and vitamin
D within 2 weeks post-SARS-CoV-2 testing also had these
medications prescribed and dispensed prior to the positive
SARS-CoV-2 test. However, antihistamines, NSAIDs, colchi-
cine, and nicotine replacement were more frequently pre-
scribed and dispensed after SARS-CoV-2 testing than before.

Covariates. Applying definitions used in our previous
analysis,28 we considered the following as covariates: age
categories; sex; race; smoking status; alcohol use disorder;
BMI categories; facility location; time of test, pre-test
Charlson Comorbidity Index; and post-test hospitalization
and systemic corticosteroid use (defined in the same manner
as other primary predictors). We categorized patients by
smoking status (i.e., current, former, or never); we used self-
reported health factor data recorded preceding and closest to
the positive SARS-CoV-2 test. Using International Classifica-
tion of Diseases-10 codes, inpatient and outpatient diagnoses
of key comorbidities, including alcohol use disorder, were
recorded within 2 years before the index date. Briefly, loca-
tions of VA facilities and calendar month of diagnosis (i.e.,
SARS-CoV-2 test date) were included to adjust for geographic
and temporal variations in infection rates, resources, and pa-
tient care. Charlson Comorbidity Index was included to adjust
for baseline mortality risk.
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Other Variables. Baseline comorbidities relevant to the VA
population and length of hospital stay (days of the first
hospitalization only) within 30 days of the SARS-CoV-2 test
date were also defined for a descriptive analysis only.27

Statistical Analysis

Clinical characteristics were expressed as frequency and per-
centage for categorical variables and median and interquartile
range (IQR) for continuous variables. Chi-square and
Deuchler–Wilcoxon tests were used to compare the distribu-
tion of clinical characteristics between fatal and surviving
cases.30

To assess the associations between post-index drug use and
30-day mortality, individual models were developed to com-
pute unadjusted and adjusted relative risk (aRR) and 95%
confidence intervals (CIs) of 30-day overall mortality for each
of eleven selected drugs, with final model adjusted for age
categories, race, sex, region, month of diagnosis, BMI catego-
ries, current smoking, alcohol use disorder, Charlson Comor-
bidity Index score categories, post-test hospitalization and
systemic corticosteroid administration. A weighted average
of stratum-specific estimates on the log-binomial scale was
used to approximate aRR.31 This categorical method mini-
mizes inflated effect sizes and non-collapsibility bias com-
pared with adjusted odds ratios.
To assess synergistic drug effects, we developed multino-

mial models to compare aRR and 95% CI of 30-day mortality
between single drug use and combination drug use, having no
drug use as a common referent group. Adjustment for multi-
plicity was performed by the Hochberg–Bonferroni proce-
dure, accounting for a common referent group (based on the
closure method).32–34 This technique, also known as the
Benjamini–Hochberg procedure, is designed to decrease the
false discovery rate and minimize incorrectly rejecting the true
null hypothesis (type I error).35 Study results were rounded
using the Goldilocks (Efron–Whittemore) method.36 P-values
<0.05 were considered statistically significant.

RESULTS

Demographics and Comorbidities

The study cohort consisted of 26,508 patients who tested
positive for SARS-CoV-2 and were predominantly White
(n=15,656; 59%), male (n=23,659; 89%), overweight or obese
(n=21,790; 82%), with nearly half over age 60 (n=12,839;
48%) (Table 1). The group includes 9,815 [37%] Black and
4,453 [17%] Veterans of Latinx ethnicity, with fewer than 4%
identified as Asian, American Indian/Alaska Native, Native
Hawaiian/Other Pacific Islander, or Multiracial.
After the SARS-CoV-2 positive test, 7,845 (30%) patients

were hospitalized within 30 days (Table 2). The 6,732 survi-
vors (27%) were hospitalized for a median of 6 days

Table 1 Selected Characteristics of SARS-CoV-2 Positive US
Veterans (N = 26,508)

Characteristic N (%)

Age (years)
≤30
31–40
41–50
51–60
61–70
71–80
81–90
>90

1,598 (6)
3,584 (14)
3,433 (13)
5,054 (19)
5,730 (22)
4,964 (19)
1,608 (6)
537 (2)

23,659 (89)Male^

Race
White
Black
Asian
American Indian or Alaska Native
Native Hawaiian or other Pacific Islander
Multiracial
Latinx^

15,656 (59)
9,815 (37)
289 (1)
218 (1)
267 (1)
263 (1)

4,453 (17)
BMI (kg/m2)
Underweight (<18.5)
Normal (18.5–24.9)
Overweight (25–29.9)
Class-I obese (30–34.9)
Class-II obese (35–39.9)
Class-III obese (40–44.9)
Super obese (≥45)
Alcohol use disorder^

360 (1)
4,458 (17)
8,665 (33)
7,478 (28)
3,529 (13)
1,360 (5)
658 (2)

3,509 (13)
Smoker§

Never
Former
Current
Hospitalization^

13,098 (49)
10,444 (39)
2,966 (11)
7,845 (30)

Length of stay (days)
≤7~ 23,027 (87)
>7–14 1,701 (6)
>14 1,780 (7)
Mechanical ventilation^ 1,182 (4)
Location (USA)
Pacific-West/Mountain
Mid-West/Continental
South-East
North-East

5,106 (19)
5,363 (20)

11,331 (43)
4,708 (18)

Time (Index, 3/1–9/10)
March
April
May
June
July
August
September

2,101 (8)
3,551 (13)
2,100 (8)
4,709 (18)
9,682 (37)
4,137 (16)
228 (<1)

Charlson Comorbidity Index
0
1–2
3–4
5+

14,332 (54)
8,416 (32)
2,531 (10)
1,229 (5)

Comorbidity^
Asthma
Atherosclerosis
Cancer
Chronic kidney disease
Chronic liver disease
Congestive heart failure
Chronic obstructive pulmonary disease
Diabetes (type II)
Hyperlipidemia
Hypertension
Mental illness
Sleep disorder
Substance abuse

1,715 (6)
6,700 (25)
3,197 (12)
4,035 (15)
588 (2)

2,971 (11)
3,682 (14)
8,653 (33)

13,908 (52)
14,694 (55)
12,935 (49)
7,252 (27)
5,651 (21)

Post-index medications
Angiotensin-converting enzyme inhibitors
Angiotensin II receptor blockers
Alpha-blockers

5,115 (19)
2,709 (10)
5,631 (21)

(continued on next page)
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(interquartile range, or IQR=10 days), while the 1,612 (69%)
who died within 30 days were hospitalized for a median of 9
days (IQR=9 days; p<0.0001). Baseline Charlson Comorbid-
ity Index scores were greater among those dying versus sur-
viving (<0.0001). Compared with survivors, common selected
comorbidities which were significantly greater in those who
died within 30 days included hypertension (77% vs. 54%),
hyperlipidemia (65% vs. 52%), atherosclerosis (54% vs.
23%), type 2 diabetes (51% vs. 32%), and chronic kidney
disease (CKD; 38% vs. 14%).

Association of Analyzed Medications with
30-Day Mortality

Among those testing SARS-CoV-2 positive, the effect of
eleven medications on the 30-day mortality was assessed as
unadjusted and adjusted relative risk (aRR) (Table 3). All
medications exhibited a decreased mortality risk in fully ad-
justed analyses. The largest decreases in mortality risk were
observed for colchicine (aRR, 0.32; 95% CI, 0.15–0.67) and

Table 2 Selected Characteristics of SARS-CoV-2 Positive US
Veterans by Mortality Status (N = 26,508)

Characteristic Mortality status

Dead
n (%)
Median
[IQR]

Alive
n (%)
Median
[IQR]

P¥

N (%) 1,612 (6) 24,896 (94) —
Age (y)
≤30
31–40
41–50
51–60
61–70
71–80
81–90
>90

76 [16] 59 [26] <.0001
0 (0)
3 (<1)

25 (2)
80 (5)

328 (20)
569 (35)
401 (25)
206 (13)

1,598 (6)
3,581 (14)
3,408 (14)
4,974 (20)
5,402 (22)
4,395 (18)
1,207 (5)
331 (1)

<.0001

Male^ 1,575 (98) 22,084 (89) <.0001
Race .055
White
Black
Asian
American Indian or Alaska Native
Native Hawaiian or other Pacific
Islander
Multiracial

1,009 (63)
547 (34)
15 (1)
16 (1)
13 (1)
12 (1)

14,647 (59)
9,268 (37)
274 (1)
202 (1)
254 (1)
251 (1)

Latinx^ 154 (10) 4,299 (17) <.0001
BMI (kg/m2)
Underweight (<18.5)
Normal (18.5–24.9)
Overweight (25–29.9)
Class-I obese (30–34.9)
Class-II obese (35–39.9)
Class-III obese (40–44.9)
Super obese (≥45)

27 [9] 30 [8] <.0001
73 (5)

489 (30)
490 (30)
304 (19)
159 (10)
55 (3)
42 (3)

287 (1)
3,969 (16)
8,175 (33)
7,174 (29)
3,370 (14)
1,305 (5)
616 (2)

<.0001

Alcohol use disorder^ 163 (10) 3,346 (13) <.0001
Smoker§ <.0001
Never
Former
Current

644 (40)
858 (53)
110 (7)

12,454 (50)
9,586 (39)
2,856 (11)

Hospitalization^ 1,113 (69) 6,732 (27) <.0001
Length of stay (days)
≤7~
>7–14
>14

9 [9] 6 [10] <.0001
946 (59)
388 (24)
278 (17)

22,081 (89)
1,313 (5)
1,502 (6)

<.0001

Mechanical ventilation^ 598 (37) 584 (2) <.0001
Location (USA) <.0001
Pacific-West/Mountain 231 (14) 4,875 (20)

(continued on next page)

Table 1. (continued)

Characteristic N (%)

Anti-androgens*
Antihistamines
Colchicine
Corticosteroids (systemic, excluding inhalers)
Metformin
Nicotine replacement therapy
Nonsteroidal anti-inflammatory drugs
Statins
Vitamin D

1,788 (7)
7,600 (29)
402 (2)

5,638 (21)
3,956 (15)
772 (3)

10,287 (39)
10,836 (41)
1,019 (4)

^Referent is the complement group. ~Includes non-hospitalized partic-
ipants with zero length of stay. §Cigarettes.
¥Chi-square test for independence (categorical), Deuchler–Wilcoxon
test (continuous). BMI body mass index, d days, COVID-19 coronavirus
disease 2019, IQR interquartile range, kg kilograms, LOS length of stay,
m meters, SARS-CoV-2 severe acute respiratory syndrome coronavirus
2, USA United States of America, y years. *Men only

Table 2. (continued)

Characteristic Mortality status

Dead
n (%)
Median
[IQR]

Alive
n (%)
Median
[IQR]

P¥

Mid-West/Continental
South-East
North-East

251 (16)
592 (37)
538 (33)

5,112 (21)
10,739 (43)
4,170 (17)

Time (Index, 3/1–9/10) <.0001
March
April
May
June
July
August
September

253 (16)
445 (28)
190 (12)
205 (13)
315 (20)
192 (12)
12 (<1)

1,848 (7)
3,106 (12)
1,910 (8)
4,504 (18)
9,367 (38)
3,945 (16)
216 (<1)

Charlson Comorbidity Index <.0001
0
1–2
3–4
5+

407 (25)
572 (35)
391 (24)
242 (15)

13,925 (56)
7,844 (32)
2,140 (9)
987 (4)

Comorbidity^
Asthma
Atherosclerosis
Cancer
Chronic kidney disease
Chronic liver disease
Congestive heart failure
Chronic obstructive
pulmonary disease
Diabetes (type II)
Hyperlipidemia
Hypertension
Mental illness
Sleep disorder
Substance abuse

74 (5)
872 (54)
391 (24)
612 (38)
68 (4)

452 (28)
472 (29)
813 (50)

1,047 (65)
1,242 (77)
709 (44)
416 (26)
307 (19)

1,641 (7)
5,828 (23)
2,806 (11)
3,423 (14)
520 (2)

2,519 (10)
3,210 (13)
7,840 (31)

12,861 (52)
13,452 (54)
12,226 (49)
6,836 (27)
5,344 (21)

.0016
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
<.0001
.15
.022

^Referent is the complement group. ~Includes non-hospitalized partic-
ipants with zero length of stay. §Cigarettes. ¥Chi-square test for
independence (categorical), Deuchler–Wilcoxon test (continuous). BMI
body mass index, d days, COVID-19 coronavirus disease 2019, IQR
interquartile range, kg kilograms, LOS length of stay, m meters, SARS-
CoV-2 severe acute respiratory syndrome coronavirus 2, USA United
States of America, y years
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metformin (aRR, 0.33; 95% CI, 0.25–0.43), followed by
angiotensin-converting-enzyme inhibitors (ACEi) (aRR,
0.43; 95% CI, 0.35–0.53), angiotensin II receptor blockers
(ARBs) (aRR, 0.54; 95% CI, 0.43–0.69), vitamin D (aRR,
0.53; 95% CI, 0.37–0.77), statins (aRR, 0.54; 95% CI, 0.46–
0.62), antihistamines (aRR, 0.57; 95% CI, 0.49–0.66), and
alpha-blockers (aRR, 0.58; 95% CI, 0.51–0.66). Decreased
risk was also seen for anti-androgens (aRR, 0.61; 95%
CI,0.51–0.73, among male Veterans only) and nonsteroidal
anti-inflammatory drugs (aRR, 0.69; 95% CI, 0.61–0.78).
Nicotine replacement therapy exhibited a non-significant de-
creased risk of mortality (aRR, 0.60; 95% CI, 0.31–1.1).

Effect of Co-prescribedMedications on 30-Day
Mortality Risk

We next analyzed the effect in SARS-CoV-2 positive patients
of five commonly co-prescribed medications with differing
mechanisms on 30-day mortality. The co-prescribed medica-
tions had a substantially lower mortality risk than either of the
medications alone (Table 4). The mortality risk was lowest
with the combination of statins and metformin (aRR, 0.21;
95%CI, 0.15–0.31), followed byACEi and statins (aRR, 0.25;
95% CI, 0.18–0.35) and ACEi and metformin (aRR, 0.26;
95% CI, 0.17–0.40). Lower risk was also observed for com-
bined antihistamines and NSAIDS (aRR, 0.41; 95% CI, 0.32–
0.52), and in men, combined alpha-blockers and anti-
androgens (aRR, 0.51; 95% CI, 0.42–0.64).

DISCUSSION

Of more than 26,000 SARS-CoV-2 positive Veterans in this
diverse national cohort, most were male and White, and had
overweight/obesity, with nearly half over age 60; one in three
were Black and one in six Latinx. Compared with survivors,
those who died had a significantly higher prevalence of hy-
pertension, hyperlipidemia, atherosclerosis, diabetes, and
chronic kidney disease. In SARS-CoV-2 positive individuals,
we assessed the effect of study medications hypothesized to
decrease mortality through effects on inflammation and other
mechanisms. We found that metformin and colchicine,
followed by ACEi and ARBs, were associated with the largest
decreased risk of 30-day mortality. Vitamin D, statins, anti-
histamines, and alpha-blockers were associated with a moder-
ate decrease in mortality risk, with a lesser effect observed for
anti-androgens and NSAIDS. Nicotine replacement therapy
showed a tendency toward a decreased mortality risk.
We then examined the effect of commonly co-prescribed

medications on 30-day mortality risk, combining medications
with differing mechanisms of action. Compared with each
medication alone, all drug pairs were associated with a further
decrease in 30-day mortality risk. Combined statins and met-
formin were associated with the greatest decrease in mortality
risk relative to those who received neither drugs, followed by
ACEi and statins or metformin. Antihistamines and NSAIDS
also significantly decreased mortality risk, while alpha-
blockers and anti-androgens decreased mortality risk in men.
Our findings suggest there may not be a need to discontinue

use of these medications in patients receiving them when
SARS-CoV-2 positive. In our study, many patients had indi-
cations for these study medications due to concomitant car-
diovascular disease (CVD), CKD, or diabetes, which also
increase the risk of severe COVID-19.37–39 In a large VHA
study to identify the prevalence of prediabetes, nearly three of
four overweight or obese Veterans exhibited prediabetes or
diabetes40 —many of whom would likely benefit from use of
metformin, statins, and ACEi, as recommended by the Amer-
ican Diabetes Association.41,42

With the ongoing coronavirus disease-19 (COVID-19) pan-
demic and high VHA rates of comorbidities, these promising
individual and combination therapies could be prospectively
studied in pragmatic controlled clinical trials to assess their
therapeutic benefit. Among those SARS-CoV-2 positive, the
therapeutic benefit of the statin and metformin drug pair may
arise from its anti-inflammatory and other effects. Statins
decrease inflammatory markers, thrombogenicity, and inflam-
masome activation in monocytes, while improving endothelial
dysfunction.43,44 Metformin suppresses immune hyperactiva-
tion and reactive oxygen species, exhibits anti-microbial
activity and decreased mortality in sepsis, in addition to
improved glycemic control, and decreased insulin resis-
tance.45 Observational COVID-19 clinical studies report
decreased mortality risk with use of metformin and statins
independently.11,18,22,46–49

Table 3 Adjusted Risk of Death Among SARS-CoV-2 Positive
Veterans by Medication (N = 26,508)

Post-index
medication

Dead^

n (%)
Alive^

n (%)
Multiplicity-corrected
aRR (95%CI)

Unadjusted¶ Adjusted‡

N (%) 1,612 (6) 24,896 (94)
ACEi 155 (10) 4,960 (20) .44 (.37–.54) .43 (.35–.53)
ARBs 101 (6) 2,608 (10) .59 (.47–.73) .54 (.43–.69)
α-Blockers 357 (22) 5,274 (21) 1.1 (.94–1.2) .58 (.51–.66)
Anti-Androgens* 167 (11) 1,621 (7) 1.5 (1.2–1.7) .61 (.51–.73)
Antihistamines 260 (16) 7,340 (29) .48 (.40–.57) .57 (.49–.66)
Colchicine 9 (1) 393 (2) .36 (.17–.78) .32 (.15–.67)
Metformin 73 (5) 3,883 (16) .27 (.20–.37) .33 (.25–.43)
Nicotine 20 (1) 752 (3) .42 (.26–.68) .60 (.31–1.1)
NSAID 485 (30) 9,802 (39) .68 (.61–.76) .69 (.61–.78)
Statins 638 (40) 10,198 (41) .95 (.79–1.1) .54 (.46–.62)
Vitamin D 43 (3) 976 (4) .69 (.48–.98) .53 (.37–.77)

^Non-referent group of the indicated medication. Confidence intervals
corrected for multiplicity across indicated post-index medications using
the Hochberg step-up procedure. ¶Main effect model for indicated
medication, unadjusted for covariates. ‡Main effect model for indicated
medication, adjusted for Age (≤60, 61–70, 71–80, >80), Alcohol Use
Disorder (Yes, No), BMI (<18.5, 18.5–24.9, 25–29.9, ≥30), Charlson
Comorbidity Index (0, 1–2, 3–4, 5+), Current Smoker (Yes, No),
Hospitalization, Location (Pacific-Mountain, Mid-West/Continental,
East Coast), Post-Index Corticosteroid use, Race (White, Black, Other
Race), Sex (Male, Female), and Time (March, April–September). *Men
only (N=23,656). ACEi angiotensin-converting-enzyme inhibitors; ARBs
angiotensin II receptor blockers, aRR adjusted relative risk, BMI body
mass index (kg/m2, kg = kilograms, m = meters), CI confidence interval,
NSAID nonsteroidal anti-inflammatory drugs, SARS-CoV-2 severe acute
respiratory syndrome coronavirus 2
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In men in our study, a decreased 30-day mortality risk in
SARS-CoV-2 positive Veterans was observed with combined
alpha-blocker and anti-androgen therapy — which is com-
monly prescribed as a combination pill for benign prostatic
hypertrophy. In severe COVID-19, inflammatory cytokines
produced by macrophages can be increased by adrenaline;
alpha-blockers prevent cytokine release and increase survival
rate in observational analyses of COVID-1950 as well as non-
COVID-19-associated acute respiratory distress syndrome
(ARDS) or pneumonia, compared with nonusers. In a random-
ized controlled trial of the potent anti-androgen proxalutamide
or placebo in 645 hospitalized men and women,
proxalutamide decreased mortality 77%, relative to placebo,
and was generally well-tolerated.51 These data suggest the
value of examining a combined alpha-blocker and anti-
androgen therapy in a controlled trial in SARS-COV-2 posi-
tive patients.
Our study data on ACEi, ARBs, and NSAIDS were sup-

ported by multiple studies reporting an association with de-
creased mortality in COVID-19. In a meta-analysis of more
than 100,000 patients in 52 studies (predominantly

observational), more than 26,000 patients receiving ACEi or
ARBs for hypertension exhibited a significantly decreased
mortality rate compared with those not receiving these
drugs.17 In the OpenSAFELY observational cohort of nearly
2 million patients with osteoarthritis and rheumatoid arthritis,
a lower adjusted risk of mortality was observed among the one
in ten patients receiving NSAIDS with COVID-19, relative to
those not on NSAIDS.20

We also observed a decreased mortality risk in SARS-CoV-
2 positive Veterans with colchicine and vitamin D treatment.
However, published data on the effect of these drugs on
COVID-19 mortality are conflicting. The large random-
ized controlled COLCORONA community trial of colchi-
cine vs. placebo (randomizing more than 4500 patients)
revealed no statistically significant difference in COVID-
19-associated clinical events.52 Similarly, while demon-
strating benefit for influenza, vitamin D shows conflicting
results in COVID-19 in several small randomized con-
trolled trials, although a meta-analysis and systematic
review reported vitamin D generally improved clinical
outcomes.24

Table 4 Adjusted Risk of Death Among SARS-CoV-2 Positive Veterans by Medication

Medication (main effect) Dead^

n (%)
Alive^

n (%)
Multiplicity-Corrected
aRR (95%CI)

Unadjusted¶ Adjusted‡

All patients (N = 26,508)
ACEi Statins
− − 913 (57)

61 (4)
544 (34)
94 (6)

13,231 (53)
1,467 (6)
6,705 (27)
3,493 (14)

1.0 Referent
.62 (.46–.82)
1.2 (1.02–1.3)
.41 (.33–.50)

1.0 Referent
.59 (.42–.84)
.60 (.53–.68)
.25 (.18–.35)

+ −
− +
+ +

ACEi Metformin
− − 1,415 (88)

124 (8)
42 (3)
31 (2)

17,786 (71)
3,227 (13)
2,150 (9)
1,733 (7)

1.0 Referent
.50 (.42–.60)
.26 (.19–.36)
.24 (.17–.34)

1.0 Referent
.42 (.34–.52)
.33 (.24–.46)
.26 (.17–.40)

+ −
− +
+ +

Antihistamine NSAID
− − 972 (60)

155 (10)
380 (24)
105 (7)

11,499 (46)
3,595 (14)
6,057 (24)
3,745 (15)

1.0 Referent
.53 (.45–.63)
.76 (.67–.85)
.35 (.27–.45)

1.0 Referent
.60 (.50–.73)
.70 (.61–.80)
.41 (.32–.52)

+ −
− +
+ +

Statins Metformin
− − 954 (59)

585 (36)
20 (1)
53 (3)

13,954 (56)
7,059 (28)
744 (3)

3,139 (13)

1.0 Referent
1.2 (1.08–1.3)
.41 (.26–.65)
.26 (.19–.36)

1.0 Referent
.59 (.52–.67)
.49 (.29–.83)
.21 (.15–.31)

+ −
− +
+ +

Men only (N = 23,659)
Alpha-blocker Anti-androgen

− − 1,166 (74)
242 (15)
54 (3)

113 (7)

16,577 (75)
3,886 (18)
420 (2)

1,201 (5)

1.0 Referent
.89 (.78–1.02)
1.7 (1.3–2.2)
1.3 (1.09–1.6)

1.0 Referent
.59 (.51–.69)
.74 (.56–.987)
.51 (.42–.64)

+ −
− +
+ +

^Non-referent group of the indicated medication. ¶Main effect model unadjusted for covariates. ‡Main effect model adjusted for Age (≤60, 61–70, 71–
80, >80), Alcohol Use Disorder (Yes, No), BMI (<18.5, 18.5–24.9, 25–29.9, ≥30), Charlson Comorbidity Index (0, 1–2, 3–4, 5+), Current Smoker (Yes,
No), Hospitalization, Location (Pacific-Mountain, Mid-West/Continental, East Coast), Post-Index Corticosteroid use, Race (White, Black, Other Race),
Sex (Male, Female), and Time (March, April–September). Confidence intervals corrected for multiplicity across indicated post-index medications using
the Hochberg step-up procedure, accounting for a common referent category within multinomial comparisons. ACEi angiotensin-converting enzyme
inhibitors, aRR adjusted relative risk, BMI body mass index (kg/m2, kg = kilograms. m = meters), CI confidence interval, NSAID nonsteroidal anti-
inflammatory drugs, SARS-CoV-2 severe acute respiratory syndrome coronavirus 2
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We found that 30-day mortality risk was decreased with
post-SARS-CoV-2 positive treatment with antihistamines;
nicotine replacement therapy exhibited no effect on mortality
risk. While there is limited data on antihistamines in SARS-
CoV-2, antihistamines display antiviral effects in vitro and a
decreased rate of infection was reported with diphenhydra-
mine, hydroxyzine, and azelastine use in more than 200,000
patients tested for SARS-CoV-2.53 In more than 80 nursing
home patients receiving antihistamines and azithromycin
with severe COVID-19, a fourfold lower mortality rate
(6% vs 28%) was observed compared with data pooled
from other nursing homes.27 A randomized controlled trial
of nicotine replacement therapy in COVID-19 is ongo-
ing.54 As a cholinergic agonist, nicotine inhibits inflam-
matory cytokines,55,56 which could favorably affect
SARS-CoV-2 outcomes. Additional data are awaited to
support the use of antihistamines and nicotine replacement
products in SARS-CoV-2.
Our study’s strengths are its assessment of frequently pre-

scribed licensed medications administered to SARS-CoV-2
positive patients which provides support that these drugs
may not need to be discontinued and could be beneficial for
reducing mortality. Its additional strengths include its national
scope, large size, racially diverse population, and reliable
pharmacy data. Assessing all positive SARS-CoV-2 cases in
the more than nine million Veterans within our integrated
healthcare system,57 we completed a detailed evaluation of
prescribed medications and comorbidities that could influence
30-day mortality in SARS-CoV-2 positive patients. As the
study medications are prescribed for many of the most
common comorbidities in the VHA, these results are both
reassuring and relevant to clinical care, supporting greater
use of metformin, statins, and ACEi/ARBs, when
indicated.
Despite accurate VHA medication dispensing data, our

study is limited by the fact that we did not confirm adherence
(i.e., this biases our results toward the null) and did not adjust
for medications other than corticosteroids reported to decrease
COVID-19 mortality (e.g., selective serotonin reuptake
inhibitors, etc.), and over-the-counter medications were
not fully recorded. However, with the low or absent med-
ication co-payments in the VHA, medication adherence is
increased relative to the general population.58 As the VHA
population is largely comprised of older males (with fe-
males constituting approximately 10%), our results may
not be fully generalizable to other healthcare systems.
While we adjusted our analyses for baseline comorbidi-
ties, the potential remains for residual confounding, effect
modification, misclassification bias, and collider effects
among variables.
In conclusion, we observed a significantly decreased ad-

justed relative risk of 30-day mortality in SARS-CoV-2 pos-
itive patients receiving commonly prescribed medications
postulated to have a favorable effect, including metformin,

statins, ACEi, ARBs, alpha-blockers, anti-androgens, antihis-
tamines, vitamin D, and NSAIDS. In assessing co-prescribed
drugs, we found a markedly decreased 30-day mortality with
combined metformin and statins; ACEi and statins (or metfor-
min); and NSAIDS and antihistamines. In men, a lower 30-
day mortality risk was observed with combined alpha-
blockers and anti-androgens, a combination pill commonly
prescribed for benign prostatic hypertrophy. Our findings
suggest that these generally safe medications and drug pairs
should not be discontinued in SARS-CoV-2 positive patients
and could be beneficial for reducing mortality. Controlled
clinical trials of promising therapies may assess their thera-
peutic benefit.
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