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Objectives: The COVID-19 pandemic presents an urgent need to investigate whether existing drugs can
enhance or even worsen prognosis; metformin, a known mammalian target of rapamycin (m-TOR) in-
hibitor, has been identified as a potential agent. We sought to evaluate mortality benefit among older
persons infected with SARS-CoV-2 who were taking metformin as compared to those who were not.
Design: Retrospective cohort study.
Setting and Participants: 775 nursing home residents infected with SARS-CoV-2 who resided in one of the
134 Community Living Centers (CLCs) of the Veterans Health Administration (VHA) during March 1,
2020, to May 13, 2020, were included.
Methods: Using a window of 14 days prior to SARS-CoV-2 testing, bar-coded medication administration
records were examined for dispensing of medications for diabetes. The COVID-19einfected residents
were divided into 4 groups: (1) residents administered metformin alone or in combination with other
medications, (2) residents who used long-acting or daily insulin, (3) residents administered other dia-
betes medications, and (4) residents not administered diabetes medication, including individuals
without diabetes and patients with untreated diabetes. Proportional hazard models adjusted for de-
mographics, hemoglobin A1c, body mass index, and renal function.
Results: Relative to those not receiving diabetes medications, residents taking metformin were at
significantly reduced hazard of death [adjusted hazard ratio (HR) 0.48, 95% confidence interval (CI) 0.28,
0.84] over the subsequent 30 days from COVID-19 diagnosis. There was no association with insulin
(adjusted HR 0.99, 95% CI 0.60, 1.64) or other diabetes medications (adjusted HR 0.71, 95% CI 0.38, 1.32).
Conclusions and Implications: Our data suggest a reduction in 30-day mortality following SARS-CoV-2
infection in residents who were on metformin-containing diabetes regimens. These findings suggest a
relative survival benefit in nursing home residents on metformin, potentially through its mTOR inhibi-
tion effects. A prospective study should investigate the therapeutic benefits of metformin among persons
with COVID-19.
Published by Elsevier Inc. on behalf of AMDA e The Society for Post-Acute and Long-Term Care Medicine.
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On December 31, 2019, an unforeseen health crisis emerged in
Wuhan City, China. TheWorld Health Organization reported a series of
44 pneumonia cases,1 related to a new beta-coronavirus, SARS-CoV-2.
By January 20, 2020, this newly termed coronavirus disease 2019
(COVID-19) was detected in the United States.2 With COVID-19’s rapid
worldwide spread came the quick recognition of the major threat
posed to the geriatric population, particularly the comorbid and frail.3

Severe COVID-19 can occur in the presence of multiple chronic
illnesses and age-related immunosenescence4; grouped living condi-
tions of many older people, particularly those in facilities, further
nd Long-Term Care Medicine.

mailto:James.Rudolph@va.gov
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jamda.2020.10.031&domain=pdf
https://doi.org/10.1016/j.jamda.2020.10.031
http://www.jamda.com
https://doi.org/10.1016/j.jamda.2020.10.031
https://doi.org/10.1016/j.jamda.2020.10.031


M.A. Lally et al. / JAMDA 22 (2021) 193e198194
exacerbate the risk of acquiring COVID-19. With urgent worldwide
efforts to both prevent and treat COVID-19, there is interest in deter-
mining whether existing therapeutic options can be repurposed for
use against this disease.

Type 2 diabetes mellitus (T2DM) ranks highly among the multiple
morbidities that affect older nursing home residents. Patients with
diabetes typically fare worse with infections than persons without
diabetes. Metformin, among the most common T2DM medications,
could play an important role for patients with diabetes infected with
SARS-CoV-2. A recent focus on potential treatment for SARS-CoV-2
infection includes a pathway not usually considered for its “anti-
viral” property, the mammalian target of rapamycin (mTOR)
pathway.5 mTOR complexes are critical in many cell functions
including senescence and apoptosis, and they also play a role in viral
protein production, processing, and assembly. mTOR and its protein
complexes, mTOR complex 1 (mTORC1) and mTOR complex 2
(mTORC2), are functionally intertwined with the adenosine mono-
phosphate (AMP)eassociated protein kinase (AMPK) pathway, and
both biological cascades appear to be plausible targets for COVID-19
therapy.5

Metformin’s immunomodulatory effects on mTOR inhibition have
sparked interest as a potential cancer and antiviral therapeutic. In a
study by Sahra and colleagues, the expression of the protein REDD1
(regulated in development and DNA damage responses 1), a known
negative regulator of mTOR, rapidly increased following metformin
treatment in prostate, breast, and lung cancer cells.6 Metformin may
also boast additional anti-inflammatory benefits via alterations of the
gut microbiota through carbohydrate metabolism7 and/or antiseptic
properties.8 Metformin’s potential anti-inflammatory and immuno-
modulatory effects are not thoroughly understood, but increased in-
terest in the utility of metformin in inflammatory diseases outside of
T2DM, such as human immunodeficiency virus,9 multiple sclerosis,10

and systemic lupus,11 is growing. Metformin historically has shown
a modest benefit in treating influenza.12 Influenza A virus has been
shown to exploit host signaling molecules, including mTORC1 and
mTORC2 protein complexes, to increase viral replication.13 Metfor-
min’s potential antiviral mechanism of action could be due to
increased REDD1, which would lead to subsequent mTOR regulation.6

A recent study demonstrated that patients with diabetes with
confirmed COVID-19 infection had elevated risk of severe pneumonia,
hyperinflammatory state, and hypercoagulability compared with a
similar cohort of individuals without diabetes.14 In both patients with
diabetes and individuals without diabetes, the potential role for
metformin in treating COVID-19 has been suggested.15 Without a
prospective trial, using available cohort data from a population with
confirmed SARS-CoV-2 infection that includes patients with diabetes
treated with metformin allows for evaluation of theoretical benefits of
metformin among persons with COVID-19. In nursing home residents
with laboratory confirmation of SARS-CoV-2 infection, we examined
the association of metformin on survival.
Methods

This retrospective study was approved by the Institutional Review
Board.
Cohort

The cohort included all residents of the 134 Community Living
Centers (CLC) operated by the Veterans Health Administration (VHA).
CLCs are nursing homes that the VHA operates directly. We evaluated
the subset with laboratory-confirmed evidence of SARS-CoV-2 tested
during the interval of March 1, 2020, and May 13, 2020, following the
VHA directive that all residents be tested.
Diabetes Medication Exposure

Using a window of 14 days prior to SARS-CoV-2 testing, we
examined the bar-coded medication administration records for evi-
dence of medications for diabetes. Residents with COVID-19 were
divided into 4 groups: (1) residents who were administered metfor-
min alone or in combination with other medications, (2) residents
who used long-acting insulin or daily regular insulin (received regular
insulin on�12 of 14 days), (3) residents who were administered other
diabetes medications, and (4) residents who were not administered
diabetesmedication. Group 4 included individuals without diabetes as
well as patients with diabetes who were untreated or diet-controlled.

Outcomes

The primary outcome was for 30-day mortality as measured from
the date of SARS-CoV-2 positivity. The secondary outcome was
hospital-free survival at 30 days from the date of SARS-CoV-2
positivity.

Covariates

Demographic variables collected from VA administrative records
included age, sex, and race. Comorbidities were collected to complete
the Elixhauser comorbidity index.16 We collected additional variables
that would be related to diabetes andmetformin utilization. Estimated
glomerular filtration rate (eGFR) was collected from VA laboratory
data and when missing was calculated according to the Chronic Kid-
ney Disease Epidemiology equation. Hemoglobin A1c (glycated he-
moglobin) was collected from VA laboratory records. Body mass index
was calculated from the most recently recorded weight and height. In
addition, the length of CLC stay (days), and VA hospitalizations in the
prior year (days) were collected from VA administrative records.

Analysis

Characteristics were compared across the populations using an
analysis of variance for continuous variables and a chi-square for
dichotomous variables. The primary analysis referenced to the group
of residents who were not treated with diabetes medications. The
cohort was followed for the outcomes until 30 days after positive
SARS-CoV-2 reporting date. Both the primary mortality outcome and
the secondary 30-day hospital-free survival outcome are time
dependent, and a proportional hazard model was used for bivariate
analysis and multivariable analysis. The proportional hazard
assumption was satisfied for each of the outcomes. Multivariable
regression included variables that were significantly disparate among
the groups.

Results

Characteristics of the 775 residents with SARS-CoV2 infection are
displayed in Table 1, with groups compared for any differences. The
majority were not on diabetes pharmacotherapy (61.4%, n¼476). The
mean age at time of data collection was 75.5 (�10.8) years, with a
significantly lower age in those on metformin (72.3 �8.3 years) and
insulin (73.3 �9.4 years years). Consistent with a VHA cohort, resi-
dents were 97.3% (n¼754) male. The percentage of diabetes medica-
tion use was higher in black residents whowere more often on insulin
(40.8% n¼42), metformin (30.7%, n¼39), and other diabetes medica-
tions (33.3%, n¼23), relative to those not on medications (20.8%,
n¼99) (P < .001). Hemoglobin A1c was higher among residents on
diabetes medication (insulin 7.7%; metformin 7.5%, other medications
6.5%; no medication 5.8%; P < .001). Body mass index greater than 30
was more common among residents on insulin (32.0%, n¼33),



Table 1
Characteristics of Nursing Home Residents with COVID-19

Overall
(n ¼ 775)

No Diabetes Drugs
(n ¼ 476)

Metformin
(n ¼ 127)

Insulin
(n ¼ 103)

Other Diabetes Drugs
(n ¼ 69)

P Value

Demographics
Age, mean (SD) 75.6 (10.8) 76.9 (11.7) 72.3 (8.3) 73.3 (9.4) 75.6 (9.2) <.001
Male, n (%) 754 (97.3) 461 (96.8) 125 (98.4) 100 (97.1) 68 (98.6) .70
Female, n (%) 21 (2.7) 15 (3.2) 2 (1.6) 3 (2.9) 1 (1.4) .70

Race (%) .001
Black 203 (26.2) 99 (20.8) 39 (30.7) 42 (40.8) 23 (33.3)
Other 58 (7.5) 41 (8.6) 10 (7.9) 5 (4.9) 2 (2.9)
White 514 (66.3) 336 (70.6) 78 (61.4) 56 (54.4) 44 (63.8)

Diabetes-related factors
Hemoglobin A1c, %, mean (SD) 6.54 (1.38) 5.80 (0.72) 7.49 (1.44) 7.68 (1.47) 6.50 (1.25) <.001
Diabetes, ICD-10, n (%) 308 (39.7) 95 (20.0) 107 (84.3) 81 (78.6) 25 (36.2) <.001
Diabetes complication, ICD-10, n (%) 301 (38.8) 82 (17.2) 103 (81.1) 93 (90.3) 23 (33.3) <.001
Body mass index, mean (SD) 27.26 (6.36) 26.04 (5.74) 29.65 (6.57) 29.31 (6.96) 28.19 (7.01) <.001
Body mass index �30, n (%) 210 (27.1) 102 (21.4) 52 (40.9) 33 (32.0) 23 (33.3) <.001
Obesity, ICD-10, n (%) 118 (15.2) 55 (11.6) 28 (22.0) 28 (27.2) 7 (10.1) <.001
Estimated glomerular filtration rate,

mL/min/1.73 m2, mean (SD)
74.78 (32.04) 72.72 (29.67) 73.23 (25.19) 83.38 (42.90) 79.00 (38.29) .016

Renal disease, ICD-10, n (%) 195 (25.2) 97 (20.4) 17 (13.4) 54 (52.4) 27 (39.1) <.001
Other comorbidities
Dementia, n (%) 537 (69.3) 333 (70.0) 86 (67.7) 69 (67.0) 49 (71.0) .90
Pulmonary disease, n (%) 264 (34.1) 159 (33.4) 40 (31.5) 41 (39.8) 24 (34.8) .57
Hypothyroid, n (%) 91 (11.7) 55 (11.6) 15 (11.8) 17 (16.5) 4 (5.8) .20
Tumor, n (%) 131 (16.9) 90 (18.9) 14 (11.0) 19 (18.4) 8 (11.6) .11
Weight loss, n (%) 138 (17.8) 97 (20.4) 14 (11.0) 15 (14.6) 12 (17.4) .08
Alcohol use disorder, n (%) 96 (12.4) 65 (13.7) 11 (8.7) 12 (11.7) 8 (11.6) .49
Drugs use disorder, n (%) 60 (7.7) 42 (8.8) 9 (7.1) 6 (5.8) 3 (4.3) .48
Any substance use disorder, n (%) 125 (16.1) 82 (17.2) 17 (13.4) 17 (16.5) 9 (13.0) .65
Psychiatric diagnosis, n (%) 541 (69.8) 338 (71.0) 88 (69.3) 73 (70.9) 42 (60.9) .39
Psychoses, n (%) 327 (42.2) 198 (41.6) 65 (51.2) 34 (33.0) 30 (43.5) .048
Depression, n (%) 330 (42.6) 199 (41.8) 53 (41.7) 51 (49.5) 27 (39.1) .47

Utilization
Hospital days in prior year, mean (SD) 9.54 (20.81) 9.26 (21.32) 7.52 (18.85) 12.81 (23.60) 10.28 (15.39) .27
Long-stay resident, n (%) 155 (20.0) 106 (22.3) 13 (10.2) 22 (21.4) 14 (20.3) .026

Outcomes
30-d mortality, n (%) 160 (20.6) 108 (22.7) 16 (12.6) 24 (23.3) 12 (17.4) .07

ICD-10, International Classification of Diseases, 10th Edition.
Bolded P values were selected for inclusion in multivariable modeling.
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metformin (40.9%, n¼52), and other diabetes medications (33.3%,
n¼23), relative to those on no medication for diabetes (21.4%, n¼55).
Of the comorbidities, there were generally no significant differences
within groups. History of a mental illness with psychosis was highest
in residents on metformin (51.2%, n¼65), whereas those on no dia-
betes medications (41.6%, n¼ 198) and those on other diabetes med-
ications (43.5%, n¼30) were higher than those on insulin (33.0%,
n¼34).

Thirty-day mortality was lowest in SARS-CoV-2 residents taking
metformin (12.6%, n¼12) compared with those on other diabetes
medications (17.4%, n¼12), insulin (23.3%, n¼24), and no diabetes
medications (22.7%, n¼108; Table 2). Relative to those not receiving
diabetes medications, residents taking metformin were at signifi-
cantly reduced hazard of death (adjusted hazard ratio 0.48, 95%
confidence interval 0.28, 0.84) over the subsequent 30 days from
COVID-19 diagnosis after adjustment for age, race, hemoglobin A1c,
renal function, long stay, and past mental health with psychosis.
Figure 1 displays the survival curve based on diabetes medication
exposure. There was no difference in hospital-free survival between
all treatment groups.
Table 2
Mortality Among Nursing Home Residents With COVID-19

30-d Mortality No Diabetes Drug Insulin

Unadjusted HR (95% CI) Referent 1.00 (0.6
Adjusted HR* (95% CI) Referent 0.99 (0.6

CI, confidence interval; HR, hazard ratio.
*Adjusted for age, body mass index, hemoglobin A1c, estimated glomerular filtration
Discussion

Diabetes mellitus is a commonmedical condition estimated by the
Centers for Disease Control and Prevention to affect up to 26.8% of
American individuals older than 65 years.17 Metformin is a first-line
treatment for diabetes and has been demonstrated to have immuno-
modulatory and antiviral activity via mTOR inhibition. Our data sug-
gest that metformin use may be associated with decreased mortality
from SARS-CoV-2 infection among nursing home residents on a
population level.

These findings suggest an association between metformin use
among nursing home residents with COVID-19 and relative survival
benefit. This association could be mediated through the mTOR inhi-
bition effects of metformin. Although it is difficult to demonstrate that
mTOR inhibition is causal, the findings are consistent with recent
research on everolimus (formerly RAD001), an mTOR inhibitor and
rapamycin analogue, which was found to improve age-related im-
mune dysfunction. This study demonstrated improved response to
influenza vaccination (gauged by increased antibody titers) in older
participants receiving everolimus.18 A newer agent, dactolisib
Metformin Other Diabetes Drugs

3, 1.57) 0.42 (0.26, 0.69) 0.77 (0.42, 1.40)
0, 1.64) 0.48 (0.28, 0.84) 0.71 (0.38, 1.32)

rate, long stay (>90 days), and underlying psychoses.



Fig. 1. Survival curve by diabetes medication use. Shown is the survival curve in the 30-days post-testing in SARS-CoV2epositive diabetic patients on metformin (gray), insulin
(violet), other diabetes drugs (light blue), and no therapy (navy). After adjustment for demographics, diabetes, obesity, renal function, and psychosis, metformin was associated with
a 52% reduced hazard of mortality (adjusted hazard ratio 0.48, 95% confidence interval 0.28, 0.84).
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(RTB101, ResTORbio), a combined phosphatidylinositol-3 kinase (PI3k)
inhibitor and mTOR inhibitor, is also being investigated for its po-
tential role in ameliorating immune function in older people. Reduced
rates of pulmonary infections in infection over a 1-year period were
reported in both dactolisib and combination therapy groups despite
study participants receiving a limited 6-week course of therapy.19

Dactolisib was additionally administered to older patients at risk for
pulmonary infections (ie, with asthma, chronic obstructive pulmonary
disease, T2DM) and demonstrated both a 30% reduction in laboratory-
confirmed viral respiratory infections and increased pan-antiviral
signaling via interferon stimulation.20

A recent review of pathways implicated in both diabetes and SARS-
CoV-2 coronavirus infection explores the role of angiotensin-
converting enzyme 2 (ACE2) and dipeptidyl peptidase 4 (DPP4),
both coronavirus receptors, as potential therapeutic targets.21 Other
molecular pathways common to diabetes and SARS-CoV-2 infection
may explain the relative benefit seen in the metformin-containing
medication groups. Alternatively, its benefit may be related to insu-
lin sensitization effects. Viral-induced interferon-gamma secretion
has been demonstrated to increase muscular insulin resistance and
circulating insulin levels, which, in turn, increase cluster of differen-
tiation 8 cytotoxic T-cell (CD8þ T-cell) responses.22 Metformin is an
inhibitor of the mitochondrial electron transport chain, promoting
glycolysis,23 which may increase CD8þ effector function but impair
memory T-cell responses.24 Metformin’s ability to reduce neutrophil
counts and to reduce neutrophil extracellular traps have also been
proposed as potential mechanisms for its beneficial use in patients
with diabetes and COVID-19.25

Other retrospective studies have also recently suggested that
metformin may be associated with decreased mortality from
COVID-19. Bramante et al26 reviewed United Health insurance
claims from all 50 states in the United States among patients with
diabetes hospitalized with COVID-19 and found that metformin
was associated with decreased mortality among women. Crouse
et al27 found that diabetes was a risk factor for COVID-19 infection
among over 25,000 persons tested at the University of Alabama at
Birmingham, and they found metformin treatment in patients with
diabetes to be associated with decreased mortality from COVID-19.
Luo et al28 found in-hospital mortality among patients with dia-
betes and COVID-19 to be lower among those taking metformin in a
study from Wuhan, China. One meta-analysis that included these 3
studies and two small others found metformin use to be associated
with decreased COVID-19 mortality.29 A second meta-analysis that
included these 3 studies as well as the CORONADO study in
France30 describes the observed reduction in mortality from
COVID-19 associated with metformin.31 In a more recent retro-
spective study assessing incidence of lactic acidosis and 28-day
mortality in hospitalized individuals with COVID-19, Cheng et al32

noted increased incidence of lactic acidosis in patients on metfor-
min without any increase in mortality between patients with
acidosis and those without. Their results differ from our own,
though a comparison is challenging as their cohort was aged 18-
80 years (median age 63 years) and had already been hospitalized.
Of interest are their findings of improving inflammatory marker
profiles, notably 28-day trends of CRP, IL-6, IL-2, and TNF-a, in
addition to reduced indices of cardiac injury and congestive heart
failure in patients with COVID-19 on metformin. Our findings
appear to be complementary to those of Cheng et al, and our study
is contributory as it represents data from a largely older, nonhos-
pitalized population.

The strengths of our study include the availability of data from
more than 7600 nursing home residents within the VA system, all of
whom underwent COVID-19 screening. Our control group included
individuals without diabetes as well as patients with diabetes who
were untreated or diet-controlled. Although there were differences in
body mass index and baseline hemoglobin A1c between treatment
groups, they had similar rates of hospitalization prior to positive SARS-
CoV-2 testing. Furthermore, there was no significant difference in
eGFR between all treatment groups, though the insulin group had a
larger variance in renal function that could signify different degrees of
renal dysfunction and/or the inclusion of hemodialysis patients within
that data subset.
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The generalizability of the sample is limited by the underlying
demographics of the VA population, which is predominantly male,
relative to the US nursing home population, which is predominantly
female. It is not evident if gender has any effect on our findings, or if
any metformin effects would be applicable in female residents.

Another limitation is the analytic strategy of proportional hazards
modeling that uses listwise deletion, which reduced our
population available for regression analyses size by approximately
one-thirddmost notably due to missing laboratory covariates such as
hemoglobin A1c and estimated glomerular filtration rate. Bivariable
analysis was unaffected but multivariable analysis was restricted and
could not be adjusted for all possible confounding variables. Our data
additionally was unable to shed light on the rationale for their specific
diabetic regimen as well as reason for hospitalization. As a retro-
spective study that did not include clinical record review, we are
unable to determine the appropriateness of metformin use. Addi-
tionally, our studywas designed to look at population outcomes rather
than the biochemistry of metformin. SARS-CoV-2 activity relies on a
multitude of intracellular processes, and the case for mTOR being
relevant is made by extrapolation from our data on other viruses, as
noted above. Metformin may be beneficial through its effects on other
pathways yet unidentified. Additionally, metformin may have non-
antiviral effects on inflammation, hypercoagulability, and ACE2
expression that cannot be investigated further with our study design.
A final limitation worth noting is the use of other medications that
may impact our data through their anti-inflammatory effects. Future
analyses in larger data sets should explore the intersection of multiple
medications.

Moving forward, there is great potential for additional studies
examining the association of metformin use and outcomes in viral
infection, both via mTOR inhibition and other effects. There is a
growing body of research on the effects of metformin on neoplastic
disease. Biochemical studies of metformin in the context of cytotoxic
immunity and inflammation may elucidate the mechanisms by which
the drug may offer benefits to both diabetic and nondiabetic patients
with viral infections.

Metformin is an inexpensive and readily available therapy that
could reduce mortality and hospitalization associated with SARS-CoV-
2 infection in patients with T2DM for which there are no drug con-
traindications; further evaluation is warranted. Future clinical studies
may include chart review, inflammatory marker collection, coagula-
tion studies, and glycemic trends to better understand the association
of SARS-CoV-2 on morbidity and mortality in diabetic residents.

The next step in investigating metformin use in SARS-CoV-2
infection should be a prospective, randomized controlled study. A
prospective study could also allow for inclusion of nondiabetic in-
dividuals. Other trials of mTOR inhibitors are currently in process33,34

and comparison of outcomes in residents treated with these drugs vs
metformin, to assess for the magnitude of mTOR-inhib-
itionedependent benefits, is a worthwhile endeavor.

Conclusions and Implications

The findings of our study suggest a reduction in 30-day mortality
following SARS-CoV-2 infection in nursing home residents on met-
formin. Our work adds to the evidence others have found for
metformin’s benefit among those with SARS-CoV-2. A prospective
randomized controlled trial of the therapeutic benefits of metformin
would overcome some of the limitations of our study and provide an
opportunity to investigate any benefits in a nondiabetic population.
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