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BACKGROUND: Small observational studies have suggested that statin users have a lower risk of dying with COVID-19. We
tested this hypothesis in a large, population-based cohort of adults in 2 of Canada’s most populous provinces: Ontario and
Alberta.

METHODS AND RESULTS: We examined reverse transcriptase—polymerase chain reaction swab positivity rates for SARS-CoV-2
in adults using statins compared with nonusers. In patients with SARS-CoV-2 infection, we compared 30-day risk of all-cause
emergency department visit, hospitalization, intensive care unit admission, or death in statin users versus nonusers, adjust-
ing for baseline differences in demographics, clinical comorbidities, and prior health care use, as well as propensity for statin
use. Between January and June 2020, 2.4% of 226 142 tested individuals aged 18 to 65 years, 2.7% of 88 387 people aged
66 to 75 years, and 4.1% of 154 950 people older than 75 years had a positive reverse transcriptase—polymerase chain reac-
tion swab for SARS-CoV-2. Compared with 353 878 nonusers, the 115 871 statin users were more likely to test positive for
SARS-CoV-2 (3.6% versus 2.8%, P<0.001), but this difference was not significant after adjustment for baseline differences
and propensity for statin use in each age stratum (adjusted odds ratio 1.00 [95% CI, 0.88-1.14], 1.00 [0.91-1.09], and 1.06
[0.82-1.38], respectively). In individuals younger than 75 years with SARS-CoV-2 infection, statin users were more likely to visit
an emergency department, be hospitalized, be admitted to the intensive care unit, or to die of any cause within 30 days of
their positive swab result than nonusers, but none of these associations were significant after multivariable adjustment. In in-
dividuals older than 75 years with SARS-CoV-2, statin users were more likely to visit an emergency department (28.2% versus
17.9%, adjusted odds ratio 1.41 [1.23-1.61]) or be hospitalized (32.7% versus 21.9%, adjusted odds ratio 1.19 [1.05-1.36]), but
were less likely to die (26.9% versus 31.3%, adjusted odds ratio 0.76 [0.67-0.86]) of any cause within 30 days of their positive
swab result than nonusers.

CONCLUSIONS: Compared with statin nonusers, patients taking statins exhibit the same risk of testing positive for SARS-CoV-2
and those younger than 75 years exhibit similar outcomes within 30 days of a positive test. Patients older than 75 years with
a positive SARS-CoV-2 test and who were taking statins had more emergency department visits and hospitalizations, but
exhibited lower 30-day all-cause mortality risk.
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CLINICAL PERSPECTIVE

What Is New?

e In 469 749 adults tested for SARS-COV-2, statin
users exhibited the same risk of testing positive
for SARS-CoV-2 as nonusers and those younger
than 75 years exhibited similar outcomes within
30 days of a positive SARS-CoV-2 test.

e Statin users 75 years or older with SARS-CoV-2
infection exhibited lower 30-day all-cause mor-
tality risk but more emergency department vis-
its and hospitalizations than nonusers.

What Are the Clinical Implications?

e While statins have many indications for which
they are definitively beneficial, their use was not
associated with lower (or higher) risk of SARS-
CoV-2 infection or with better (or poorer) out-
comes in those with COVID-19 in our cohort.

Nonstandard Abbreviations and Acronyms

HFRS Hospital Frailty Risk Score

ney disease) are known to predispose individ-

uals to infection with SARS-CoV-2 and to poor
outcomes in those who develop COVID-19.! The im-
pact of chronic medications on the risk of COVID-19
is uncertain, but of intense interest. Statins are some
of the most commonly prescribed medications in
North America. Although best known for their car-
diovascular benefits, statins have wide-ranging anti-
inflammatory, immunomodulatory, and even antiviral
effects. However, statins have also been shown in
animal studies to increase the cellular expression of
angiotensin-converting enzyme |, the primary recep-
tor for SARS-CoV-2.%3 A recent report on 1219 statin-
treated patients hospitalized in Hubei Province, China
suggested that treatment with statins was associated
with a 40% lower risk of 28-day all-cause mortality*
and an analysis of 170 patients in the United States®
reported that statin users had a lower risk of severe
COVID-19 and exhibited faster recovery times. A sub-
sequent meta-analysis that included 6 other obser-
vational studies reported that the risk of death with
COVID-19 was 46% lower in statin users compared
with nonusers.® Despite these promising observa-
tional data, it is perhaps worth remembering that
while numerous cohort studies in the pre-COVID-19
era reported that statin users exhibited better out-
comes with pneumonia or sepsis,” a meta-analysis of

Several factors (such as diabetes or chronic kid-
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9 randomized trials demonstrated no difference in 28-
day hospital mortality with statin treatment in patients
with non-COVID-19 infections.®

Thus, we designed this study to test whether cur-
rent use of statins is associated with increased suscep-
tibility of adults to SARS-CoV-2 infection and/or poorer
outcomes in those with a positive SARS-CoV-2 test.
Using large-scale, population-based cohorts in Alberta
and Ontario (2 of Canada’s most populous provinces),
we measured the association between current use of
statins and infection rates among adults who under-
went SARS-CoV-2 testing; we also assessed the as-
sociation of current statin use with outcomes in adults
with laboratory-confirmed SARS-CoV-2 infection.

METHODS

Data Disclosure

To comply with each province’s Health Information
Protection Act and in order to minimize the possibility
of unintentionally sharing information that can be used
to re-identify private information, the data set cannot
be made publicly available; however, requests to ac-
cess the data set from qualified researchers trained in
human subject confidentiality protocols may be sent to
the corresponding author (Dr. Finlay McAlister) at finlay.
mcalister@Qualberta.ca.

Subjects and Setting

We conducted a retrospective cohort study in the
provinces of Alberta and Ontario, Canada. Both prov-
inces have government-funded single-payer health
care systems that provide universal access to essen-
tial services to all residents, with no charges at the
point of care. This study received ethics approval from
the Health Ethics Research Board at the University
of Alberta (Pro00101096) with a waiver of informed
consent for Alberta patients because we used de-
identified administrative data. The use of Ontario data
is authorized under section 45 of Ontario’s Personal
Health Information Protection Act and does not re-
quire review by a Research Ethics Board. In both
provinces, each individual is assigned a unique per-
sonal health care number, and we used these num-
bers to identify and link the records for each adult in 6
health care databases. These included the following:
the Discharge Abstract Database (which captures the
most responsible [or primary] diagnosis and up to 24
other diagnoses for all acute-care hospitalizations in
the provinces), the Provincial Laboratory Databases
(which capture all SARS-CoV-2 reverse transcriptase—
polymerase chain reaction [RT-PCR] test results), the
National Ambulatory Care Reporting System (which
captures all visits to emergency departments with up
to 10 diagnoses per visit), outpatient physician billing
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claims, the Alberta Pharmacy Information Network,
and the Ontario Drug Benefit Plan. The validity and
completeness of coding for medical diagnoses in
these data sets have been previously established.®'°
The Alberta Pharmacy Information Network database
captures data on drug dispensations (date, dose, and
quantity dispensed) from >98% of outpatient phar-
macies in the province and for patients of all ages."
The Ontario Drug Benefit Plan database captures the
same information for all prescription claims made to
the plan by Ontario residents 65 years and older and
some residents under 65 years (primarily those receiv-
ing social assistance or with high prescription costs
relative to their household income). In Alberta, analyses
were conducted within the Alberta Strategy for Patient
Oriented Research Data Platform. In Ontario, analyses
were conducted at ICES (formerly Institute for Clinical
Evaluative Sciences).

Definition of Cases and Index Date

We identified all adults who had a RT-PCR swab to
test for SARS-CoV-2 infection between January 1 and
June 12, 2020 whether it was done as an outpatient
or as an inpatient. For patients tested multiple times
during our study, we only examined the data related
to their first positive SARS-CoV-2 test (or first negative
test in those who never tested positive). Index date was
the date of the first RT-PCR test in patients who were
never positive, or the date of the first positive if at least
1 of their laboratory tests was positive in this study pe-
riod. Outcomes including emergency department (ED)
visits, hospitalizations, intensive care unit (ICU) admis-
sions, and/or deaths in the first 30 days after a positive
RT-PCR test were examined in this population.

Exposure of Interest

The independent dichotomous variable of interest was
the receipt of a statin prescription at least once in the
90 days before the index date that was of sufficient
quantity that it should have still been available to the
patient at their index date. We did not collect specific
agents or doses of statins, but simvastatin, pravastatin,
atorvastatin, and rosuvastatin account for >90% of all
statin prescriptions dispensed in these provinces.

Covariates

We identified comorbidities for each patient using
standardized and validated International Classification
of Diseases, Ninth Revision (ICD-9) and (/CD-10-
Canada) case definitions based on any hospitalizations,
ED visits, and outpatient physician visits in the 5 years
before and including the index date using case defini-
tions previously validated in Alberta and Ontario.”? In
addition, we calculated the Hospital Frailty Risk Score
(HFRS) by assigning point values for the presence of
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any of 109 /CD-10 codes in each patient’s hospitaliza-
tions in the 2 years before their index date (see the
original HFRS publication for the list of the codes and
the points assigned for each code).”® “Frailty” is defined
by a score >5 on the HFRS, which comprises ICD-10
codes for frailty-associated diagnoses such as falls,
blindness, spinal compression fractures, osteoporo-
sis, skin ulcers, dementia/delirium, Parkinson disease,
urinary incontinence, urinary tract infections, disorders
of electrolytes, drug/alcohol abuse, and sequelae of
strokes such as hemiplegia, dysphagia, etc. We also
captured health care resource use before the time of
their index RT-PCR swab and used the prior 5 years’
hospitalization data to generate Charlson Comorbidity
Scores for each individual.

Outcomes

The outcome of interest for our examination of the as-
sociation between statin use and risk of SARS-CoV-2
infection was whether a patient undergoing RT-PCR
swab had a positive test. The outcomes of interest
for our examination of the association between statin
use and COVID-19 severity were all-cause ED visits,
hospitalizations, ICU admissions, or deaths in the first
30 days after a positive test for SARS-CoV-2. For the
purposes of this analysis, we examined test positivity
rates and outcomes within 30 days of a positive swab
for SARS-CoV-2 in 3 subgroups: individuals aged 18
to 65 years (from Alberta only because prescription
drug data are available for this age group in Alberta
but not Ontario), those aged 66 to 75 years (from both
provinces), and those older than 75 years (from both
provinces).

Statistical Analysis

We present summary statistics of our data stratified
according to the use of statins and stratified by swab
test result (COVID positive or negative). We used 2
tests to examine the association between statin use
and our dichotomous outcomes described above
(positive test in those undergoing testing and, in a
separate analysis, 30-day outcomes in those with a
positive test using the date of testing as the incep-
tion date for outcomes analysis). We then conducted
a series of multivariable logistic regression analyses
to determine the independent association between
statin use and each of the outcomes of interest in
the 3 prespecified age strata. Beginning with adjust-
ment for age and sex only, we then undertook full
adjustment for age, sex, rural versus urban resi-
dence, socioeconomic status (from the Pampalon
material deprivation index in Alberta and the Ontario
Marginalization Index), long-term care facility resi-
dence, HFRS, Charlson score, selected comorbidi-
ties (hypertension, diabetes, coronary artery disease,
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heart failure, stroke, chronic kidney disease, HIV,
cancer, atrial fibrillation, liver disease, chronic ob-
structive pulmonary disease/asthma) and medica-
tions dispensed within 90 days before the index, use
of ED/hospitals in the 3 months preceding the index
date, number of hospitalizations or ED visits in the
12 months before the index date, ethnicity (only avail-
able in Ontario), and week of testing. There was no
significant collinearity in the included variables.

Because we hypothesized that statin use was a
proxy measure for the healthy-user effect,'* to min-
imize confounding and selection bias we also con-
structed an analysis with the inverse probability of
treatment weighting approach using propensity
scores. In repeat analyses for all tested individuals
and test-positive individuals separately, overall and by
age group, each individual’s probability of being on
a statin was estimated from a multivariable logistic
regression model including all of the variables listed
in the previous paragraph. The inverse probability
of treatment weighting was defined as the inverse
of the probability of receiving the treatment that the
patient received. Stabilized weights, where extreme
scores are weighted less, were used because of its
robustness to the influence of these extreme scores.'®
Balance in propensity score was examined by the
weighted standardized mean difference between
statin users and nonusers for each covariate used in
calculating the score. We considered a covariate bal-
anced if the standardized difference was <0.1, except
in subgroups where the number of patients was <500,
where we used a 0.25 cut-off because of the rela-
tively small sample size. When large weights (>100)
occurred in the tail of the propensity score distribu-
tion, we truncated the large weight based on 99.9th
percentile. After determining each individual’s stabi-
lized weight, we performed weighted logistic regres-
sion analyses, regressing each of our outcomes on
statin use. All analyses were conducted using SAS 9.4
(Cary, NC, USA) within each province separately.

We calculated adjusted odds ratio (@OR) within each
province separately using the methods above, and then
pooled the estimates using meta-analysis. Although
both Alberta and Ontario used a common protocol
and common case definitions for comorbidities, there
are still several potential sources of heterogeneity be-
tween the provinces (such as differences in popula-
tions, drug formulary restrictions, data capture, and
SARS-CoV-2 testing priorities). Therefore, as per the
convention of the Canadian Network for Observational
Drug Effect Studies (https://www.cnodes.ca/), a ran-
dom effect model was used for this meta-analysis.
Restricted maximum likelihood estimator was used
to estimate the population heterogeneity because of
its relatively high efficiency compared with other esti-
mators when number of effect sizes is small.'®'" This
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analysis was conducted using the package “metafor”
in R Core Team 2020 (metafor: Meta-Analysis Package
for R. R package version 1.4-0, URL http://CRAN.R-
project.org/package=metafor).

RESULTS

Characteristics of Those Having Swabs
Done

Between January 1 and June 12, 2020, 274 828
Albertans over the age of 18 years had at least 1 RT-
PCR swab for SARS-CoV-2 and 6024 (2.2%, includ-
ing 1.4% of the 48 416 individuals older than 65 years)
were positive. In Alberta, the median age of those
adults tested was 45 years and 9.8% had >1 swab
done during the study period. Of the 48 416 Albertans
older than 65 years who were tested, the median age
was 76 years, 23.2% were long-term care residents,
42.7% were male, 39.9% had at least 1 Charlson co-
morbidity (mean Charlson score 1.1), 46.8% had at
least 1 hospitalization or ED visit in the prior year (mean
1.6), 19.7% met the HFRS definition of frail, and 15.8%
had more than 1 swab done during the timeframe we
studied (Table 1).

In the same timeframe, 194 921 Ontarians older
than 65 years had at least 1 RT-PCR swab for SARS-
CoV-2 and 8008 (4.1%) were positive. In Ontario, the
median age of elderly individuals tested was 81 years,
31.5% were long-term care residents, 39.9% were
male, 46.5% had at least 1 Charlson comorbidity,
49.7% had at least 1 hospitalization or ED visit in the
prior year, 21.8% met the HFRS definition of frail, and
24.9% had >1 swab done during the study period
(Table 1).

Of note, 16.9% of the long-term care residents in
Alberta had at least 1 hospitalization or ED visit in the
3 months before their COVID test index date versus
5.8% of the long-term care residents in Ontario in the
3 months before their COVID test index date.

Statin Users Versus Nonusers

The majority of adults undergoing RT-PCR swabs
were not on cardiovascular or glucose-lowering med-
ications (Table 2); statins were the most commonly
prescribed cardiovascular medication and were used
by 7.0% of adults aged 18 to 65 years and 41.1% of
those older than 65 years tested for SARS-CoV-2 in-
fection in our cohort. Statin users were older, more
likely to have atherosclerosis-related comorbidities,
prior hospitalizations/ED visits, and higher HFRS and
Charlson scores in all age groups (Table 2). These
findings were confirmed in the construction of the
multivariable propensity score for being prescribed
a statin using these data, which had c-statistics of
0.91 in Alberta and 0.76 in Ontario. Across statin
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propensity score quintiles, the rates of SARS-CoV-2
test positivity varied (2.1% versus 1.4% versus 1.5%
versus 0.98% versus 1.2% in Alberta and 5.1% ver-
sus 3.8% versus 4.2% versus 3.8% versus 3.6% in
Ontario) but hospitalizations increased (11.4% versus
14.5% versus 21.2% versus 23.0% versus 28.9% in
Alberta and 15.6% versus 26.1% versus 27.3% ver-
sus 32.8% versus 40.5% in Ontario, both P<0.001 for
trend). This latter result empirically demonstrates that
indication bias is present in that patients at higher risk
of adverse outcomes were more likely to be taking
statins prepandemic.

Swab Positivity Rates

Between January 1 and June 12, 2020, 6024 (2.2%)
adult Albertans who were tested had a positive swab
for SARS-CoV-2, ranging from 4.5% in April to 0.5% in
June. More than 88% of tested patients were younger
than 65 years and the positivity rate was highest (2.4%)
in those aged 18 to 65 years. In Albertans older than
65 years, the positivity rates were 2.2% in long-term
care residents and 1.2% in those living in the commu-
nity. In the same timeframe, 8008 (4.1%) Ontarians over
the age of 65 years who were tested had a positive
swab for SARS-CoV-2, ranging from 9.4% in April to
1.2% in June, with the highest positivity rate being in
those older than 85 years (5.0%).

Test positivity rates were inversely associated
with socioeconomic status in both provinces and in
both younger and older individuals (Table 1). In per-
sons older than 65 years, those living in long-term
care facilities, frail individuals (HFRS scores >5), older
individuals, urban residents, and those with higher
Charlson comorbidity scores or diabetes were more
likely to test positive (Figure 1). In persons older than
65 years, more RT-PCR swabs were done in women
(67.3% in Alberta and 60.1% in Ontario), although
the positivity rates were similar in women and men
(1.4% versus 1.4% in Alberta and 4.2% versus 4.0%
in Ontario). The use of cardiovascular or glucose-
lowering medications was very similar between those
with positive or negative swab results, although use
of renin-angiotensin system inhibitors was higher in
Alberta (Table 1).

In patients aged 18 to 65 years (n=226 412) or
older than 75 years (n=154 950), statin users were not
more likely to test positive for SARS-CoV-2 (2.2% ver-
sus 2.4%, P=0.32, and aOR 1.00 [95% CI, 0.88-1.14]
in those 18-65; 4.1% versus 4.0%, P=0.50, and aOR
1.06 [0.82-1.38] in those older than 75 years, Table 3).
In 88 387 patients aged 66 to 75 years, statin users
were more likely to test positive for SARS-CoV-2 (2.8%
versus 2.6%, P=0.03), although this difference was no
longer evident after adjustment for propensity score
(@OR 1.00 [95% CI, 0.91-1.09], Table 3).
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Thirty-Day Outcomes After a Positive
SARS-CoV-2 Swab
In the 7725 individuals aged 18 to 65 and 66 to 75
years with a positive SARS-CoV-2 swab in both prov-
inces, statin users were more likely to visit an ED, be
hospitalized, be admitted to ICU, or die of any cause
within 30 days of their positive swab result than non-
users. However, none of these differences were sig-
nificant after adjustment for baseline differences and
propensity for statin use (Table 4 and Figures 2 and 3).
In the 6307 individuals older than 75 years who had
SARS-CoV-2 in both provinces, the 2535 statin users
were more likely to visit an ED (28.2% versus 17.9%,
aOR 1.41 [1.23-1.61]) or be hospitalized (32.7% versus
21.9%, aOR 1.19 [1.05-1.36)), but were less likely to
die (26.9% versus 31.3%, aOR 0.76 [0.67-0.86]) of any
cause within 30 days of their positive swab result than
nonusers (Table 4, Figure 4).

DISCUSSION

We found that patients taking statins are not at higher
risk of testing positive for SARS-CoV-2 or having ad-
verse events within 30 days of a positive test. While
adults using statins were more likely to test positive for
SARS-CoV-2 infection, they were also older and sicker
than statin nonusers such that there were no signifi-
cant differences in positivity rates after adjustment for
age, clinical covariates, differences in socioeconomic
status and living situations, and propensity for statin
use. Similarly, while a higher proportion of statin users
younger than 75 years who had COVID-19 exhibited
poorer outcomes than statin nonusers, this was a re-
flection of their underlying health characteristics since
statin use was not independently associated with out-
come differences in those younger than 75 years with
SARS-CoV-2 infection. Finally, despite the observation
that statin use in people over age 75 years with SARS-
CoV-2 infection was associated with significantly more
ED presentations and hospitalizations, there were sig-
nificantly fewer deaths of any cause.

Many of the associations we observed—that indi-
viduals with higher socioeconomic were less likely to
test positive for SARS-CoV-2, that older individuals,
those living in long-term care facilities, or those with
markers of frailty or diabetes were more likely to be
swab positive—are not unexpected. While our finding
that those with more hospitalizations or ED presenta-
tions before the pandemic were less likely to test pos-
itive for SARS-CoV-2 may seem counterintuitive, we
believe it reflects the fact that these individuals (pre-
sumably more likely to have had chronic illnesses) may
have been following public health advice to shelter in
place and reduce their exposure risk. Alternately, it
may also be a manifestation of collider bias™ in that
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effect metaanalysis approach.
*No HIV patient tested positive in Alberta.
*Ethnicity data only available in Ontario.

Figure 1. Multivariate predictors of positive SARS-CoV-2 swab in Albertans and Ontarians older than age 65 years who
were tested.
Ethnicity data not available for Alberta.

these individuals may have been more likely to have opposite direction (higher 30-day event rates in those
been tested for SARS-CoV-2 even if asymptomatic. with higher Charlson scores and more prepandemic
It is interesting that these associations were in the health care use) for patients who had COVID-19. The
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Table 3. Swab Positivity Rates in Statin Users Versus Nonusers by Age Strata

Statins and COVID

Number with positive swab (%) aOR from logistic

Crude OR OR adjusted for age Fully adjusted regression with

Age strata All Non-user Statin user | (95% CI) and sex only (95% CI) OR (95% CI) IPTW (95% ClI)

Age between 5342 (2.36) 4989 (2.37) 353 (2.24) 0.95 (0.85-1.06) 0.96 (0.86-1.08) 0.89 (0.78-1.02) 1.00 (0.88-1.14)

18 and 65y

Age between 2383 (2.70) 1293 (2.59) 1090 (2.83) 1.05 (0.96-1.14) 1.02 (0.94-1.11) 0.97 (0.88-1.07) 1.00 (0.91-1.09)

66-75y

Age >75y 6307 (4.07) 3772 (4.04) 2535 (4.11) 0.87 (0.63-1.20) 0.98 (0.69-1.25) 111 (0.93-1.33) 1.06 (0.82-1.38)

aOR indicates adjusted odds ratio; IPTW, inverse probability of treatment weighting analysis using propensity scores; and OR, odds ratio.

fact that long-term care residents exhibited lower rates
of hospitalization and ED use than their community-
dwelling peers likely reflects the fact that their caregiv-
ers or health care providers chose not to transfer them
to acute care settings during the pandemic.

Although statins generally have an excellent safety
profile in humans, randomized trials of statins'® failed
to demonstrate any benefits in sepsis in the pre-COVID
era. Thus, our finding that statin use was not associ-
ated with a lower risk of being SARS-CoV-2 swab pos-
itive or better outcomes in adults younger than age 75
years with COVID-19 is not surprising. Our finding of a
lower mortality risk in patients older than 75 years with
COVID-19 perhaps reflects the fact that not all deaths
in patients with COVID-19 are because of the infection
itself or multi-organ failure but that some are because
of thromboembolic disease or coronary events (which
would be expected to be less likely in statin users and
also represent a higher proportion of deaths in very
elderly patients with COVID-19).2° An alternate expla-
nation for higher ED visits but fewer deaths in statin
users older than 75 years could be selection bias and
residual confounding. Specifically, a preventive therapy
such as a statin is more likely to be prescribed to elderly
individuals who are relatively well (“healthy-users”) and
that these same patients are also more likely to see
physicians on a regular basis, undergo recommended
screening tests, exercise, eat well, stop smoking, be
immunized, and be more adherent to medications and
public health guidance (all nonmeasured potential con-
founders of our results).'

Several limitations of our study merit consideration.
First, we did not have data on the indications for or
doses of statin prescribed. Second, we defined statin
use as those patients who had filled 1 or more statin
prescriptions; while we do not have data on whether
patients actually took these medications, this would
bias our study towards finding a benefit from statin use
because more adherent patients (ie, those who fill a
prescription) tend to have better outcomes (the healthy
user effect). This limitation, in fact, serves to strengthen
our finding that statin use was not associated with
lower risk of SARS-CoV-2 infection or better outcomes
in those age <75 years with COVID-19. Third, we are

J Am Heart Assoc. 2021;10:e022330. DOI: 10.1161/JAHA.121.022330

unable to adjust for unmeasured confounders such
as body mass index, race or ethnicity, smoking, or
health care—seeking behavior. Fourth, we do not have
any data on goals of care for patients hospitalized with
COVID-19 and thus are unable to adjust for factors
such as palliative or comfort care, which are strong
confounders of outcomes.?! Fifth, the total number of
deaths or ICU admission within 30 days in those 18 to
65 years of age was small and given the sensitivity of
the inverse probability of treatment weighting method
to the weight of rare events, it is not unexpected to
see differences between the results from regression
methods and inverse probability of treatment weight-
ing. Sixth, while there are undoubtedly sources of
heterogeneity between Alberta and Ontario (such as
differences in populations, formulary restrictions, data
capture, and SARS-CoV-2 testing priorities), we be-
lieve that calculating aOR separately in each province
and then pooling the effect estimates between the 2
provinces using a random-effects model minimizes
any effect such differences would have on our results
(of note, using a fixed-effects model yielded similar ef-
fect estimates, just with narrower confidence intervals,
but did not change which associations were significant
and which were not). Seventh, because our data were
collected on cases up to June 12, 2020, they reflect
experience with the wild-type SARS-CoV-2 and be-
fore variants of concern began circulating in Canada.
Finally, we examined all-cause events in patients after
a positive swab for SARS-CoV-2 and cannot comment
on specific causes for those ED visits, ICU admissions,
or deaths (ie, cardiac versus noncardiac, COVID ver-
sus other, etc).

CONCLUSIONS

In conclusion, our results stand in stark contrast to
the previously published small observational stud-
ies*® suggesting benefits with statins in COVID-19
that we discussed in our introduction. However, our
study is several magnitudes larger and we were able
to adjust for a host of potential confounders and also
included an analysis weighted by propensity for sta-
tin use that those studies did not. This confirms the

13



Statins and COVID

McAlister et al

"0l1eJ SPPO ‘HO PUE ‘s8100s Aysuadod Buisn sisAfeue Bunyblem juswies.y jo Aljiqeqo.d esieaul Se1eipul A Ld| “HUN 81ed aAisusiul ‘N ‘luswiliedap AousBlaws ‘g3 ‘ojel SpPo peisnipe sejeolpul HOe

(60'1-/8'0) 260 (€9'1-92°0)80'L (0z'z-98°0) 8¢t (96°1-86'0) 8E'L (06°29) et (Ge27) 981 (8g°6Y) 2l (P 0€ UIUUM BrOCE BLIODINO AUE) Jusne Auy
(98'0-£9'0) 92°0 (€60-22°0) 28°0 (96'0-92°0) 98°0 (€6'0-62°0) €8°0 (09'82) G22 (85°2¢) 6221 (86°08) ¥561 uoissiwpe NO 40 yreeq
(98'0-£9'0) 920 (96:0-69°0) 180 (66:0-92°0) G8°0 (16'0-22°0) 18°0 (v6'92) €89 (re'1e) zert (29°62) G981 ureeq
(ke'9-2v0) L9k (62°21-9e°0) 80 (€0'8-97'0) ¢6'+ (€2 H-v90) 89 (P1y) SOL (ese) g6 (L1e) 002 uoissiwpe N
(to'1-e2h) Wk @8 1-orh) 'k QL1281 ¥5'+ (90z—29t) e8't (L182) viL (2821 729 (Lo'ze) 88et USIA Q3 8UO Jses] Iy
Qe 1-s0°H) 611 (8e2-€8°0) 'L (0L'1-e€'1) 0G'} (Qzz-er 8L (v27ce) 0e8 (c6'12) L28 (L2'92) 2891 uoijezijeydsoy asneo-||y
gege glLle 2089 A Gi<eby
(71'1-92°0) €6°0 (LF1-€2°0) 06°0 (S2'1-060) 90'L (0e'1-e6°0) OF'L (r9°09) 259 (08°2) 819 (Fev) 0LLE (P 0 UIyIM BA0GE BLOOINO AUE) JuBNS AUy
(L1'1-69°0) 06°0 (€2°1-2.°0) ¥6'0 (€21-92,°0) gL't (G8°1-62°0) Z1'L (9v°02) €22 (L9l ele (e81) 9ev uoissiwpe NO 40 yreeq
(87'1-82°0) 20°t (r9'1-98°0) 61'L (98'1-21'1) gL (261=21'1) 0G'L (BSv1) 6SL eron) LeL (2121 062 yreaQ
(€ge—2k0) 150 (65°+-12°0) 250 (6€'2-82°0) 280 (96'2-62°0) 980 €L0k) L1k (68°8) GL I (r2°6) ce2 uoissiwpe NO|
(G2’ 1-28'0) LO'k (€1-220 060 (l7'1-82°0) SO'k (ev'1-08°0) L0} (98'v¢) 08¢ (€0ve) ovy (l7'v€) 028 VSIA Q3 8UO }se9)] Iy
(ev1-e20) 160 (90'1-99°0) ¥8'0 (€'1-26°0) 60"} (Ge'1-66°0) €L} (s8°¢€e) B9E (0r0¢) 26¢ (r1'2e) 992 uopyezijeydsoy esneo-||y
0601 €62k €862 A G/-99 ueemiaq eby
(v2°0-82°0) G¥°0 (81'1-99°0) 18°0 (18'1-00"}) &L (lez-ten vt (02'81) 99 (29'11) 285 (erel) 8v9 (P 0 ulyuMm 8r0GE BWOOINO AUE) JuBAS Auy
(sg'5-z80) €L'e Br',-G1L1) ¥6C (8z9-lgH) s0€ (€zgl-Lee) 2e9 89¢) etk (090)0e 80 ¢er uoissiwpe NO| 4o yreaq
(€£'89-000) 62°0 (l7'2-60°0) 970 €o't-Le°0 €0 (€g€e-96'0) €27 (2g0¢ era9 (Gro 8 uread
(80'9-280) 02 (69'9-82'1) €6C (or9-1g') 8re (88°21-g2€) Ltr'9 (ove) ek (rg0) L2 eL0)6e uoissiwpe NO|
(S2°0-/2°0) G770 (611-95°0) 28°0 (98'1-20'1) 8e'L (9e'z-eeh) L'} (ersh v9 [(NNRZele (2511 819 USIA Q3 | Ises| Y
(89'1-2¥0) 18°0 (vhz-eLr0) G2t (60€-2€1) S0 (8¥'6-652) v.'e (ozob 9 (G6°2) Lyk (eve) esl uonezifeydsoy esneo-|ly
£ge 6861 2res A 69 pue g|. usemieq eby

(%) u ‘osn unels Aq ‘ynsay 1591 Z-A0D-SHVS 2AIISOd E Jo sAeq 0€ UIYNM SIUSAT  “f 9[qEL

14

J Am Heart Assoc. 2021;10:e022330. DOI: 10.1161/JAHA.121.022330



McAlister et al Statins and COVID

Age (per 10 years) -

Male vs. Female | —o—

*

Long-term care (LTC) resident |
Rural residence vs. Urban — ——
Material deprivation 1 vs. 5 (most deprived) ——
Material deprivation 2 vs. 5 (most deprived) ——i
Material deprivation 3 vs. 5 (most deprived) - ——
Material deprivation 4 vs. 5 (most deprived) ——
Number of hospitalization/ED visits in the prior year 1 or 2 vs.0 ——i
Number of hospitalization/ED visits in the prior year 3 or more vs.0 | i
Charlson score 1 vs. missing/0 — ——

Charlson score 2 vs. missing/0 — —————i

Charlson score 3+ vs. missing/0 - . -

L 2

Hospital Frailty Risk Score >15 vs. <5

Hospital Frailty Risk Score 5-15 vs. <5 *
Hospitalization/ED visit in prior 3 months ——
Atrial fibrillation

CAD -

Cancer —.—

L 4

Chronic kidney disease — ————
COPD/asthma — ——

Diabetes ——i

*

Heart failure H

Hypertension —a—

Liver disease overall vs. none — e
Stroke .

HIV

ACE ARB or ARNI —

L 4

Steroids —
Week of test Apr vs. Jan-Mar ———
Week of test May vs. Jan-Mar - ——

Week of test Jun vs. Jan-Mar - ——

0.1 1 10
OR and 95% ClI (Log scale)

[ Province ¢ AB |

Figure 2. Multivariate predictors of any event in the 30 days after a positive SARS-CoV-2 swab in individuals younger than
65 years.

longstanding tenet that there are caveats to obser- sample size and findings, we do not think randomized
vational studies that limit extrapolating their findings  controlled trials to evaluate the efficacy of statins on
to recommendations about treatment. Given our  COVID-19 outcomes are likely to be informative in
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effect metaanalysis approach.
*No HIV patient tested positive in Alberta.
*Ethnicity data only available in Ontario.

Figure 3. Multivariate predictors of any event in the 30 days after a positive SARS-CoV-2 swab in those aged 66 to 75 years.
Ethnicity data not available for Alberta. Number of individuals with HIV and a positive SARS-CoV-2 swab in this age group was <5 in
Alberta and thus data not reportable because of privacy restrictions.

patients younger than 75 years. In fact, preliminary in Critically-lll Patients With COVID-19: An Open
results from the INSPIRATION-S (The Intermediate Label Randomized Controlled Trial - Statin) trial re-
Versus Standard-Dose Prophylactic Anticoagulation  vealed no mortality difference for atorvastatin versus

J Am Heart Assoc. 2021;10:e022330. DOI: 10.1161/JAHA.121.022330 16



McAlister et al Statins and COVID

Age (per 10 years) - EMHH
Male vs. Female -| =
Long-term care (LTC) resident - =% s ’
Rural residence vs. Urban =
Material deprivation 1 vs. 5 (most deprived) '—Fﬂi’—‘
Material deprivation 2 vs. 5 (most deprived) ) SR

Material deprivation 3 vs. 5 (most deprived) R
Material deprivation 4 vs. 5 (most deprived) -

D
Number of hospitalization/ED visits in the prior year 1 or 2 vs.0 T
Number of hospitalization/ED visits in the prior year 3 or more vs.0 I R
Charlson score 1 vs. missing/0 Q—’—‘
Charlson score 2 vs. missing/0 I T PR
Charlson score 3+ vs. missing/0 - '—‘F
Hospital Frailty Risk Score >15 vs. <5 NPT T S
Hospital Frailty Risk Score 5-15 vs. <5 l,ﬁ > :
Hospitalization/ED visit in prior 3 months - 3 T
Atrial fibrillation | —
CAD - %
Cancer - W
Chronic kidney disease . P
COPD/asthma - I~
Diabetes - JTR
Heart failure - W
Hypertension iy
—————

Liver disease [

=
Stroke e Sl ¢
ACE ARB or ARNI - =i
Steroids -| =
Week of test Apr vs. Jan-Mar o i* '
Week of test May vs. Jan-Mar —— |
Week of test Jun vs. Jan-Mar —_—— | ¢
HIV + *
Ethnicity Chinese vs. General ‘ —e—
Ethnicity South Asia vs. General | e
T T T T T T T T
0.010 0.100 1.000 10.000

OR and 95% CI (Log scale)

[ Province ¢ ON & AB |

*Liver disease was categorized into mild and medium to severe subgroups in Ontario. The overall OR and Cl in the plot were pooled values using fixed
effect metaanalysis approach.

*No HIV patient tested positive in Alberta.

*Ethnicity data only available in Ontario.

Figure 4. Multivariate predictors of any event in the 30 days after a positive SARS-CoV-2 swab in those older than 75 years.
Ethnicity data not available for Alberta. Number of individuals with HIV and a positive SARS-CoV-2 swab in this age group was <5 in
Alberta and thus data not reportable because of privacy restrictions.

placebo in 587 patients with COVID-19 admitted to
ICUs.?? Based on our data demonstrating mortality
of 31.3% at 30 days in those older than 75 years not

taking statins, we estimate that =7000 patients would
need to be randomized to statin versus placebo to
establish or refute (with 80% power) at least a 10%
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mortality difference with statin use in individuals with
COVID-19 over age 75 years. Until such a randomized
trial is conducted, we believe the most reasonable
assumption is that while statins have many indica-
tions for which definitive proof of their benefit already
exists, prevention of SARS-CoV-2 infection or improv-
ing outcomes in those hospitalized with COVID-19
are unproven. However, our data do demonstrate the
safety of continuing statin therapy in patients infected
with SARS-CoV-2.
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