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Abstract

Background: Asthe COVID-19 pandemic continues to spread across the globe, the search for an effective medication to treat
the symptoms of COVID-19 continues as well. It would be desirable to identify a medication that is already in use for another
condition and whose side effect profile and safety data are already known and approved.

Objective: The objective of this study was to evaluate the effect of different medications on typical COVID-19 symptoms by
using data from an online surveillance survey.

Methods: Between early April and late-July 2020, atotal of 3654 individuals in Lower Saxony, Germany, participated in an
online symptom-tracking survey conducted through the app covid-nein-danke.de. The questionnaire comprised items on typical
COVID-19 symptoms, age range, gender, employment in patient-facing healthcare, housing status, postal code, previousillnesses,
permanent medi cation, vaccination status, results of reverse transcription polymerase chain reaction (RT-PCR) and antibody tests
for COVID-19 diagnosis, and consequent COVID-19 treatment if applicable. Odds ratio estimates with corresponding 95% Cls
were computed for each medication and symptom by using logistic regression models.

Results: Dataanalysissuggested a statistically significant inverse relationship between typical COVID-19 symptoms self-reported
by the participants and self-reported statin therapy and, to a lesser extent, antihypertensive therapy. When COVID-19 diagnosis
was based on restrictive symptom criteria (ie, presence of 4 out of 7 symptoms) or apositive RT-PCR test, astatistically significant
association was found solely for statins (odds ratio 0.28, 95% CI 0.1-0.78).

Conclusions: Individuals taking statin medication are more likely to have asymptomatic COVID-19, in which case they may
be at an increased risk of transmitting the disease unknowingly. We suggest that the results of this study be incorporated into
symptoms-based surveillance and decision-making protocolsin regard to COVID-19 management. Whether statin therapy has a
beneficial effect in combating COVID-19 cannot be deduced based on our findings and should be investigated by further study.

Trial Registration: German Clinical Trials Register DRKS00022185;
https://www.drks.de/drks web/navigate.do?navigationld=trial HTML& TRIAL_ID=DRK S00022185; World Heslth Organization
International Clinical Trials Registry Platform U1111-1252-6946

(JMIR Public Health Surveill 2020;6(4):e22521) doi: 10.2196/22521
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Introduction

Morethan 11 months have passed since SARS-CoV-2 infection
wasfirst detected in Wuhan, China, but the worl dwideincidence
of COVID-19isdtill increasing [1]. Despite widespread research
efforts, no curative therapies for COVID-19 have been
established, and a safe vaccine is unlikely to become available
before 2021. In Germany, the first known case of infection with
SARS-CoV-2 was reported in the end of January 2020, and a
peak of new infectionswas noted during March and April [2,3].

Early epidemiological studies of the disease demonstrated that
age and preexisting medical conditions, in particular
cardiopulmonary diseases, are associated with a high mortality
rate in patients hospitalized due to COVID-19 [4]. However, it
remains unclear why some individuals within high-risk groups
have severe disease, whereas others do not. Moreover, the role
of medication, as well as vaccination status, in preventing
patients with COVID-19 from becoming severely ill remains
debated [5,6]. With regard to the use of statins (also known as
hydroxymethylglutaryl-coenzyme A reductase inhibitors) in
particular, 3 recent studiesfound these medications have adirect
effect on COVID-19 severity and outcomes [7-9].

In addition, there was insufficient surveillance of the disease
when theinfection spread to Germany. COVID-19 surveillance
testing based on reverse transcription polymerase chain reaction
(RT-PCR) resultswasinitiated by Robert Koch Intitution (RK1)
in Germany. However, due to limited testing resources, only a
small cohort of people were included during the first wave of
COVID-19. Furthermore, no surveillance system based on
typical COVID-19 symptoms had been established in Germany
at that time.

Many management decisions and recommendations regarding
COVID-19 are based on the presence of typica symptoms.
Theseinclude screening for patients with suspected COVID-19,
an indication algorithm for PCR testing, and recommendations
for self-isolation. In addition, symptom tracking at the regional
level has been used to identify increasesin infection rate[10,11].
At the beginning of this study, the following symptoms were
commonly observed in patients with laboratory-confirmed
COVID-19: fever, dyspnea, dry cough, sore throat, myalgia,
headache, ageusia, and anosmia[4,12].

Therefore, to address the abovementioned research challenges
and test a symptom-based regional surveillance system, we
decided to combine an online symptom-tracking app with the
elicitation of medical data that might have an impact on
COVID-19 cases. The survey wasrolled out at the end of March
2020 asapilot project in Lower Saxony, Germany. At the same
time, a symptom-tracking app was distributed in the UK [10].
Later, symptom trackers were established successfully in more
regions[13].

http://publichealth.jmir.org/2020/4/e22521/

Thus, the aim of this study was to evaluate the effects of
different medications on typical COVID-19 symptoms by using
data from our surveillance survey.

Methods

Study Recruitment

For the pilot study, we recruited participants from the
administrative district of Gifhorn in the German federal state
of Lower Saxony, by advertising viaregiona newspaper articles,
a YouTube video, social media, and regional broadcasts.

Data Collection

Datawere collected using an online questionnaire implemented
by the browser-based app “covid-nein-danke.de” [14], which
was developed between March 10 and 27, 2020, by 2 authors
(SL and DU). For this evaluation, we considered data entered
by participants from April 2 to July 20, 2020.

The questionnaires were completed using a computer or an
internet-enabled mobile phone or tablet device. Owing to data
protection requirements, the app was developed as a
browser-based app that did not require users to download a
program. Technically, the study was based on asingle-page app
written in JavaScript and a highly scalable cloud. To address
the estimated high data volumes and make the questionnaire
adaptable for changes, a NoSQL (nhon-structured query
language) database was used.

The survey was described and initiated under the URL
covid-nein-danke.de [14]. The overall time taken to complete
the survey was approximately 3-5 minutes. After finishing the
survey, a 7-digit code was randomly generated and provided to
the user for follow-up surveys. The app worked without user
“tracking”—neither their email address nor IP address was
stored. Users were not identified in any way; thus, data
collection was compl etely anonymous.

Questionnaire ltems

The questionnaire contained items on age range, gender (male,
female, and nonbinary for those reporting their gender as
diverse), employment in patient-facing health care, housing
status, postal code, previous illnesses, permanent medication,
vaccination status, and symptoms. It also included the results
of any COVID-19 PCR or antibody tests and any COVID-19
treatment received. More specificaly, the following new
COVID-19 symptomswere assessed: dry cough, increased body
temperature or fever (>37.5°C), shortness of breath, muscle or
joint pain, sore throat, headache, and loss of smell or taste. The
participants confirmed “yes’ or “no” for each question.

For the question “Do you take regular medication?’ if the
participant responded “yes,” alist of medicationswas displayed
for the participant to select by using a “yes-no” dider.
Medications listed included cholesterol-lowering medication
(eg, smvastatin), nonsteroid anti-inflammatory drugs (NSAIDs,
such as ibuprofen and diclofenac), thyroid medication (eg,
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levothyroxine), omeprazole/pantoprazole, metamizole,
antihypertensives, furosemide or hydrochlorothiazide (HCT),
cortisone, disease-modifying antirheumatic drugs (DMARDs,
eg, methotrexate, biologics, hydroxychloroquine, and
antihistamines). If “antihypertensives’ were chosen, participants
were asked to choose from the following selection: ramipril,
beta-blockers metoprolol, bisoprolol, and amlodipine.
Participants could aso provide further information on
medications not explicitly requested in afree-text field.

Statistical Analysis

The raw data were transformed from a JavaScript Object
Notation format to arational dataformat for further evaluation.
Data were analyzed using SAS/STAT software (SAS Ingtitute
Inc.). To investigate associations between typical COVID-19
symptoms and medical characteristics, weran logistic regression
models (logit model). Odds ratio (OR) estimates with
corresponding 95% Cls were computed for each medication
and symptom. Based on the assumption that the presence of 4
out of 7 typical symptomsindicates COVID-19, the association
of COVID-19 with concomitant medication intakewassimilarly
determined.

Ethicsand I nformed Consent

The online study was approved by the ethics committee of the
Otto-von-Guericke-University Magdeburg (Ref. 65-20). This
study isregistered with the German Clinical Trial Register (No.
DRKS00022185) and World Health Organization (WHO)

Urbach et al

Internationa Clinical
U1111-1252-6946.

Trials  Registry Platform

An overview of the aims of this survey is provided on the
homepage of the app’swebsite [14]. Furthermore, alink directs
participants to the details of the survey and data evaluation.
Before the questionnaire could be opened, participants were
required to agree to the data privacy policy according to
European General Data Protection Regulation. Another page
informed the participants about data storage, processing, and
evaluation. They were also informed about their rights and that
participation was not associated with any direct benefit or
compensation. Furthermore, the participants were required to
confirm that they were over 18 years old before proceeding to
the questionnaire.

Results

Epidemiological Data

From April 2 to July 20, atotal of 3990 people participated in
the online survey. From these, datafrom 3654 participantswere
further evaluated. Data from the remaining 336 participants
were excluded owing to incomplete symptom data entry. The
peak age ranges were 50-59 years for female participants and
60-69 years for male participants. Overall, there were more
female participants (2250/3654, 61.6%) than male participants
(1394/3654, 38.1%; Table 1).

Table 1. Gender-specific age-range distribution for participants of the online survey conducted between April and July 2020.

Agerange, years Gender, n (%)

Male Female Nonbinary Not stated
18-29 97 (7.0) 235 (10.4) 1(33.3) N/A2
30-39 154 (11.0) 359 (16.0) N/A 1(14.3)
40-49 234 (16.8) 471 (20.9) N/A N/A
50-59 339 (24.3) 619 (27.5) 1(33.3) 3(42.9)
60-69 342 (24.5) 422 (18.8) 1(33.3) 2(28.6)
70-79 186 (13.3) 117 (5.2) 0(0.0) 1(14.3)
80-89 42 (3.0) 25 (1.1) 0(0.0) 0(0.0)
>90 0(0.0) 2(0.1) N/A N/A

8N/A: not applicable.

Of the 3654 respondents, 99 were tested by RT-PCR at the same
time asthey participated in the survey. Of these, 16.16% (16/99)
participants tested positive for SARS-CoV-2, corresponding to
only 0.44% (16/3654) of all survey participants.

M edications

We found significantly lower odds of self-reported symptoms
for COVID-19 among participants taking statin,

http://publichealth.jmir.org/2020/4/e22521/

antihypertensive, and diuretic medications. In contrast,
significantly higher odds of self-reported COVID-19 symptoms
was associ ated with participantstaking DMARDS, metamizole,
and cortisone. Results of the logistic regression analysis for
specific medications are presented in Table 2. The findings
show asignificant association between certain medications and
either higher or lower self-reported odds of COVID-19
symptoms.
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Table 2. Strength of association between medication and odds of typical COVID-19 symptoms that were self-reported (N=3645).
Medication Number of partici-  cov|D-19 symptom, odds ratio estimate (CI?)
pants taking medica-
tion, n (%)
Headache Fever Loss of Sorethroat Shortnessof ~ Joint-mus-  Dry cough
smell or breath clepain
taste
Statins 358 (10) 0.42 0.43 0.67 0.54 1.15 0.87 0.61
(0.28-0.64)P (0.13-145) (0.29-153) (0.35-0.85) (0.71-187)  (056-1.34) (0.43-0.83)
NSAIDS 212 (6) 1.93 04 0.91 1.58 2.36 21 157
(1.38-2.7)  (0.09-1.67) (0.36-2.34) (1.08-2.31) (1.48-3.75)  (1.41-3.13) (1.10-2.23)
Thyroid 585 (16) 1.13 0.63 0.62 0.78 0.84 1.02 0.93
medication (0.89-1.43)  (0.30-1.32) (0.33-1.19) (0.59-1.04) (0.56-1.26)  (0.75-1.39) (0.72-1.20)
Omeprazole/ 399 (11) 0.95 1.62 0.71 1.15 0.93 1.07 0.81
pantoprazole (0.70-1.3)  (0.77-342) (0.33-152) (0.83-1.61) (0.58-1.47)  (0.74-1.56) (0.59-1.12)
Metamizole 127 (3) 231 147 291 144 2.62 244 1.74
(150-355) (0.47-456) (1.17-7.22) (0.87-2.40) (1.45-4.73)  (1.47-4.05) (1.10-2.74)
Antihypertensives 1094 (30) 0.76 0.48 1.18 0.65 144 0.96 122
@l (0.55-1.04) (0.181.26) (0.59-2.36) (0.45-0.93) (0.92-2.26)  (0.65-1.42) (0.90-1.65)
Furosemide 192 (5) 0.71 0.58 0.92 0.39 0.59 0.71 1.02
or hydrochloroth- (0.44-1.15) (0.13-2.64) (0.35-2.41) (0.20-0.75) (0.29-1.21) (0.40-1.27) (0.67-1.57)
iazide
Cortisone 169 (5) 124 147 0.96 1.26 1.83 18 1.26
(0.83-1.86)  (0.54-3.98) (0.33-2.79) (0.81-1.97) (1.05-3.18)  (1.12-2.90) (0.82-1.92)
DMARDS 56 (2) 05 0.66 0.82 1.66 16 0.54 1.01
(0.23-1.09)  (0.08-5.30) (0.11-6.33) (0.85-3.23) (0.69-3.76)  (0.20-1.45) (0.49-2.05)
Antihistamines 239 (7) 131 0.73 0.98 112 122 0.91 0.97
(0.94-1.82) (0.26-2.07) (0.42-2.32) (0.77-1.65) (0.72-2.05)  (0.57-1.45) (0.67-1.41)
Biologics 142 (4) 1.75 132 0.24 0.85 0.57 0.92 0.95
(1.18-259)  (0.46-3.79) (0.03-1.79) (0.51-1.43) (0.25-1.28)  (0.52-1.63) (0.59-1.52)
Hydroxy- 28 (1) 18 172 _e 1.66 0.97 0.49 1.44
chloroquine (0.76-4.25)  (0.22-13.8) (0.66-4.16) (0.26-3.54)  (0.11-2.15) (0.59-3.54)
Subgroup ARBS  39(D) 0.87 — — 0.52 121 0.9 114
(0.33-2.34) (0.12-2.21) (0.35-4.14)  (0.26-3.05) (0.48-2.67)
Subgroup ACEIY 412 (11) 0.94 0.93 0.38 116 0.85 112 0.93
(eg, ramipril) (0.65-1.37)  (0.31-2.83) (0.15-0.93) (0.76-1.75) (0.50-1.44)  (0.72-1.74) (0.66-1.31)
Subgroup beta- 437 (12) 0.95 1.9 21 1.24 0.82 1.05 114
blockers (0.65-1.37)  (0.66-5.46) (1.01-4.35) (0.82-1.87) (0.49-1.39) (0.68-1.64) (0.81-1.59)
Subgroup calcium- 209 (6) 1.35 114 1.49 123 0.74 0.66 1.06
channel blockers (0.88-2.06) (0.31-4.16) (0.65-3.39) (0.75-2.00) (0.38-1.46)  (0.36-1.19) (0.70-1.59)
(eg, amlodipine)

8_ower and upper limits of 95% Wald confidence interval.
Btalic text indicates statistically significant values.
°NSAIDs: nonsteroidal anti-inflammatory drugs.
dDMARDs: disease-modifying antirheumatic drugs.

®Not applicable (ie, numbers were too low to be calcul ated).
'ARBs: angiotensin receptor blocker.

9ACEIs: angiotensin converting enzyme inhibitors.
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Statins

Of the 3654 participants, 358 (9.8%) indicated that they were
taking regular statin medications. The regular intake of statin
medication was significantly associated with lower odds of
those participants reporting symptoms such as sore throat, dry
cough, and headache. The odds of loss of smell or taste, aswell
asfever, were d so decreased among these participants; however,

Urbach et al

it did not reach statistical significance. No association wasfound
between statin medication and the odds of shortness of breath
and joint or muscle pain. Statistically significant associations
were found for both male and femal e participants with respect
to headache, and only for female participants with respect to
sore throat despite a lowered statistical power through gender
stratification (Table 3).

Table 3. Gender-stratified strength of association between statin administration and typical COVID-19 symptoms (n=358). Nonbinary participants
(n=3) and those not reporting their gender (n=7) were not included in the analysis due to low numbers.

Gender (n) COVID-19 symptom, odds ratio estimate (95% CI3)
Headache Fever Lossof smell or  Sorethroat Shortness of Joint or muscle  Dry cough
taste breath pain
Female (2250) (3b 0.63 0.85 0.27 1.28 0.77 0.84
(0.15-0.59) (0.15-2.61) (0.26-2.76) (0.12-0.61) (0.63-2.57) (0.38-1.53) (0.5-1.42)
Male (1394) 0.58 0.21 0.68 0.73 1.23 0.97 0.65
(0.35-0.95) (0.03-1.58) (0.24-1.95) (0.44-1.2) (0.67-2.25) (0.59-1.6) (0.41-1.02)

3_ower and upper limits of 95% Wald confidence interval.
Bltalic text indicates statistically significant values.

Antihypertensives

Of the 3654 participants, 1094 (29.9%) indicated that they were
taking regular antihypertensive medication. These participants
had significantly lower odds of reporting sore throat. The odds
of reporting symptoms such as fever and headache were aso
decreased in this group, but these associations did not reach
statistical  significance. Participants taking angiotensin
converting enzyme inhibitors (ACEls) were found to have
significantly lower odds of reporting loss of smell or taste.

Furosemide or HCT

Inall, 192 of 3654 (5.3%) participantsweretaking diuretics (ie,
either furosemide or HCT). Diuretic intake was significantly
associated with lower odds of these participants reporting sore
throat.

NSAID and Metamizole

NSAID medication was taken by 212 (5.8%) participants and
metamizole, by 127 (3.5%) of all 3654 participants. Participants

http://publichealth.jmir.org/2020/4/e22521/

using NSAIDs had significantly higher odds of reporting typical
COVID-19 symptoms such as headache, sore throat, shortness
of breath, joint or muscle pain, and dry cough. In contrast,
metamizole use was associated with lower odds of reported
headache, loss of smell or taste, shortness of breath, joint or
muscle pain, and dry cough. The numbers and corresponding
percentages of symptoms observed for each medication used
for COVID-19 symptom treatment are shown in Table S1 in
Multimedia Appendix 1.

By making a presumptive diagnosis of COVID-19, either by a
positive RT-PCR test or based on the presence of 4 out of 7
positive symptoms, we were able to detect 142 cases of
infections among the 3654 participants. Furthermore, statistical
analyses revealed a marked inverse association between
COVID-19 cases and statin use with an OR of 0.28 (95% CI
0.1-0.78). All other medications did not show a statistically
significant association (Table 4).
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Table4. Strength of association between statins and presumed COV I D-19 diagnosis based on a positive reverse transcription polymerase chain reaction
test (n=16) or presence of symptoms (minimum 4 out of 7 typical symptoms, n=126).

Medication

Odds ratio estimates (95% C19)

Statins

NSAIDs* (eg, diclofenac. ibuprofen)
Thyroid medication

Omeprazole/
pantoprazole

Metamizole

Antihypertensives (al)

Furosemide or hydrochlorothiazide
Cortisone

DMARDs"

Antihistamines

Biologics

Hydrochloroquine

Subgroup ARBs® sartane

Subgroup ACEIS (eg, ramipril)
Subgroup beta-blockers
Subgroup calcium-channel blockers (eg, amlodipine)

0.28°(0.10-0.78)
1.75 (0.93-3.27)

1.01 (0.64-1.62)
1.10 (0.61-2.00)

1.75 (0.77-3.97)
0.63 (0.32-1.24)
0.24 (0.06-1.03)
1.83 (0.91-3.66)
0.90 (0.25-3.23)
1.10 (0.58-2.08)
0.30 (0.07-1.24)
1.33(0.28-6.24)
1.19 (0.15-9.25)

1.17 (0.55-2.47)

0.90 (0.25-3.23)
1.10 (0.58-2.08)

4_ower and upper 95% Wald confidence intervals.
Btalic text indicates statistically significant values.
°NSAIDs: nonsteroidal anti-inflanmatory drugs.
9DMARDs:. disease-modifying antirheumatic drugs.
€ARBs: angiotensin receptor blocker.

fACEIs: angiotensin converting enzyme inhibitors.

Discussion

Principal Findings

Themain finding of our study isastatistically significant inverse
relationship between self-reported symptoms typical for
COVID-19 and satin therapy and, to a lesser extent,
antihypertensive therapy. As the world continues to search for
a medication to cure or attenuate COVID-19, it would be
desirable, and fortuitous, to identify such a medication that is
aready in usefor another condition and whose side effect profile
and safety data are already known and approved. In the search
for such medication, we combined a COVID-19 symptom
surveillance survey with a prospective observational study in
which participants’ medication intake was assessed.

COVID-19 was assumed based on a positive RT-PCR test,
hospital admission, professiona treatment, or presence of a
minimum of 4 out of 7 typica symptoms. Fortunately, the
incidence of confirmed COVID-19 cases was low in the study
area (Lower Saxony, Germany). During the study period, RKI
recorded 208 cases based on positive RT-PCR tests and 4 deaths
dueto COVID-19inthisregion [2]. Nevertheless, the statistical
evaluation of the data demonstrated significant resultsregarding
typical COVID-19 symptoms and medication intake.

http://publichealth.jmir.org/2020/4/e22521/

Our prospective surveillance survey asked participants to
indicate any presence of symptoms, dry cough, sore throat,
fever, joint or muscle pain, shortness of breath, loss of smell or
taste, and headache, only if they were new occurrences. On the
initiation of the survey at the beginning of March,
gastrointestinal symptoms were considered an uncommon
symptom for COVID-19 [4]. Therefore, we did not include
gastrointestinal symptoms such as abdominal cramping or
diarrheain our analysis. These symptoms, however, have been
incorporated into the questionnaire of the ongoing survey. Of
al the participant characteristics collected, we statistically
evaluated the role of gender in detail because age and gender
play an important role in the mortality and severity of
COVID-19 [15]. Further stratification based on other
characteristics would have led to small subcohorts hampering
meaningful statistical analyses.

A Cochranereview [12] found 6 symptomsin at |east one study
with asensitivity of more than 50%; these included cough, sore
throat, fever, myalgia or arthralgia, fatigue, and headache. Of
these symptoms, fever, joint or muscle pain, fatigue, and
headache were considered red flags as their specificity was
greater than 90%, resulting in a positive likelihood ratio of at
least 5 for COVID-19 [12]. It was hypothesized that a
combination of symptoms could lead to anincreasein sensitivity
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and specificity. However, they found no study that had assessed
combinations of different symptoms. Aswe were unableto use
an evidence base to weigh the sensitivity and specificity of
individual symptoms, we selected 4 out of the 7 symptoms to
define symptomatic COVID-19.

We found that taking medication such as NSAIDs as well as
metamizole was significantly associated with higher odds for
most COVID-19 symptoms evaluated. Thisis an unsurprising
finding given that NSAIDs and metamizole are typica
medications for treating such symptoms. Moreover, cortisone
was associated with a significantly higher self-reported odds of
dry cough. It can be postulated that patients with chronic
obstructive pulmonary disease take cortisone more frequently
and present with this symptom more often. Intake of biologics
was found to be significantly associated with higher odds of
headache. Headache isaknown side effect of these medications,
which may explain these statistical results. Nevertheless, these
findings areimportant as positive indicatorsto the reliability of
the data reported by the participants.

Of the medications associated with lower odds of self-reported
typical COVID-19 symptoms, statins showed the most distinct
results. Most common symptoms reported by participantsusing
statins were dry cough, sore throat, and headache. In addition,
statins were associated with lower odds of fever, joint or muscle
pain, and loss of smell or taste. However, the latter associations
did not reach statistical significance.

When we defined a COVID-19 diagnosis based on the presence
of 4 of 7 symptoms or a positive RT-PCR test, the result was
more obviouswith an OR of 0.28 (95% CI 0.1-0.78). However,
wedid not find such significant associations between COVID-19
symptoms and other evaluated medications.

Based on our findings, we suggest 2 most likely explanations
for the observed association between statin use and the lower
odds of symptoms suggestive of COVID-19. First, statin therapy
may either prevent SARS-CoV-2 infection or lower the
symptom burden of COVID-19. This hypothesisisin line with
3recent clinical studies. In aretrospective study of 154 nursing
home residentswith COVID-19, statin therapy was significantly
associated with the absence of symptoms [8]. The researchers
defined COVID-19 by either apositive PCR test or the presence
of typical COVID-19 symptoms. Two other studies support the
direct influence of statin use on COVID-19; they found a
significantly lower disease severity among hospitalized patients
with COVID-19 [9] and lower mortality among those who
received concomitant statin medication [7]. At first sight, it
seems implausible that taking statin medication could prevent
a SARS-CoV-2 infection. However, a direct protective effect
of statins against SARS-CoV-2 infection was recently proposed
by Reiner et al [16], using amolecular docking study. From our
results so far, it would be premature to assess whether statins
have a preventative effect. We hope that our prospective study
will shed further light on this potential use of statinswhen more
participants undergo PCR testing.

The second possible explanation for our finding is that the
encountered symptoms are independent of COVID-19. The
evaluated symptoms are recognized as typical for COVID-19,
but they also overlap with other illnesses such as allergies,
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non—-COVID-19 flu-like viral infections, or migraine. Statins
might act on those symptoms independently of COVID-19. In
this context, it was shown that statins in combination with
vitamin D can reduce migraine [17]. Furthermore, the results
of previous studies point to the fact that statins are an option
for treating the symptoms of influenza[18,19] and pneumonia
[20-22]. In summary, it is aready accepted that statins have
pleiotropic, anti-inflammatory, and immunomodulatory effects
[23], which would explain our findings. It is also possible that
acombination of both explanations, that is, an anti-inflammatory
effect on both COVID-19 and non—COVID-19 illness, could
explain the finding of significant associations between statins
and lower self-reported odds of typical COVID-19 symptoms.

Our study findings also suggest that antihypertensives were
associated with a significantly lower self-reported odds of dry
cough. A similar trend in decreased self-reporting of fever and
headache was also observed. Statistical analyses of the
subgroups ARBs, ACEIs, beta-blockers, and cal cium-channel
antagonistsled to insignificant results except for an association
between ACEIs and loss of smell or taste (OR 0.38, 95% ClI
0.15-0.93). This finding might be of interest, as loss of smell
and taste have recently been proposed as cardinal symptoms
for COVID-19[13]. Asthe subgroupswerevery small, the latter
results must be interpreted with caution. The intake of
antidiuretics, furosemide and HCT, was associated with lower
odds of sore throat but no reduction in the other symptoms. We
have no explanation for this association, neither from our data
nor from the literature.

Regardless of whether statins and antihypertensives act on
symptoms linked to COVID-19, or whether they act on
symptoms independent of COVID-19, we must keep in mind
that those symptoms might be masked by this medication.
Surveillance recommendations and medical assessments based
on typical symptoms may not be reliable in patients taking
statins and antihypertensives. Furthermore, individual sreceiving
statin therapy may be more likely to have asymptomatic
infection and therefore at a greater risk of transmitting the
infection unknowingly.

Our results should not be interpreted as a recommendation to
take statins or hypertensive drugs for prevention of COVID-19
or to reduce disease severity. We are mindful of the fact that
large studies have shown no positive effect of statinsin intensive
care patients and in sepsis-associated acute respiratory distress
syndrome [24,25]. Furthermore, a large study has been
discontinued because of the lack of benefit and evidence of
significant early renal and liver failure whiletaking rosuvastatin
medication [26]. Nevertheless, our data support the hypothesis
that statinsand antihypertensives may play arolein COVID-19
treatment and emphasize the potential value of ongoing clinical
studies (eg, NCT04348695, NCT04343001, and NCT04351581).

Study Limitations

Because of the nature of the survey, there are afew limitations
to the study. First, the results are based on a self-selected group
who are not necessarily representative of the general population.
Second, self-assessment of symptoms is purely subjective.
Nevertheless, we found plausible data from the NSAID,
metamizole, and cortisone medication groups, which indicated
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that the participants completed symptom reporting seriously.
Although very unlikely, we cannot rule out, that participants
repeated the survey more than once because of its anonymous

Urbach et al

prevalence of symptoms unrelated to COVID-19. Thus, future
studies are needed to evaluate the potential benefits of statins
in patients with COVID-19.

nature. Furthermore, we propose that statin therapy masks or reduces

the symptomsin patientswith SARS-CoV-2 infection. Assuch,
patients receiving statin therapy may be more likely to have
asymptomatic COVID-19, inwhich casethey are at anincreased
risk of transmitting it unknowingly. We suggest that our study
results are incorporated in the symptoms-based surveillance
and decision-making protocols for COVI1D-19 management.

Conclusions

The exact association between statin medications and the
outcome of reduced symptoms in the study population is
uncertain. It is possible that statins have a therapeutic or
preventive effect on COVID-19; it is equally possible that
uninfected individuals receiving these drugs have a lower

Conflictsof Interest
None declared.

Multimedia Appendix 1

Symptoms observed for different medications used for COVID-19 treatment.
[DOCX File, 30 KB-Multimedia Appendix 1]

References
1.  WHO Coronavirus Disease (COVID-19) Dashboard. World Health Organization. URL : https.//covid19.who.int [accessed
2020-07-19]

2. Robert-Koch-Institut. Erfassung der SARS-CoV-2-Testzahlen in Deutschland (Update vom 15.4.2020). Epid Bull 2020
2020 Apr 16;16:10. [doi: 10.25646/6756.3]

3. Béhmer MM, Buchholz U, Corman VM, Hoch M, Katz K, Marosevic DV, et d. Investigation of a COVID-19 outbreak in
Germany resulting from a single travel-associated primary case: a case series. Lancet Infect Dis 2020 Aug;20(8):920-928
[FREE Full text] [doi: 10.1016/S1473-3099(20)30314-5] [Medline: 32422201]

4. Huang C,Wang, Li X, RenL, Zhao J, Hu Y, et a. Clinical features of patientsinfected with 2019 novel coronavirusin
Wuhan, China. Lancet 2020 Feb 15;395(10223):497-506 [ FREE Full text] [doi: 10.1016/S0140-6736(20)30183-5] [Medline:
31986264]

5. Covién C, Retamal-Diaz A, Bueno SM, Kalergis AM. Could BCG vaccination induce protective trained immunity for
SARS-CoV-2? Front Immunol 2020;11:970 [FREE Full text] [doi: 10.3389/fimmu.2020.00970] [Medline: 32574258]

6. SharmaA, Kumar Sharmas, Shi Y, Bucci E, Carafoli E, Melino G, et al. BCG vaccination policy and preventive chloroquine
usage: do they have an impact on COVID-19 pandemic? Cell Death Dis 2020 Jul 08;11(7):516 [FREE Full text] [doi:
10.1038/s41419-020-2720-9] [Medline: 32641762]

7. Zhang X, QinJ, Cheng X, Shen L, Zhao Y, Yuan Y, et a. In-hospital use of statinsis associated with areduced risk of
mortality among individuals with COVID-19. Cell Metab 2020 Aug 04;32(2):176-187.e4 [FREE Full text] [doi:
10.1016/j.cmet.2020.06.015] [Medline: 32592657]

8. DeSpiegeleer A, Bronselaer A, Teo JT, Byttebier G, De Tré G, BelmansL, et a. The effects of ARBs, ACEis, and statins
on clinical outcomes of COV1D-19 infection among nursing homeresidents. JAm Med Dir Assoc 2020 Jul;21(7):909-914.e2
[EREE Full text] [doi: 10.1016/j.jamda.2020.06.018] [Medline: 32674818]

9. TanWYT, Young BE, Lye DC, Chew DEK, Dalan R. Statin use is associated with lower disease severity in COVID-19
infection. Sci Rep 2020 Oct 15;10(1):17458 [FREE Full text] [doi: 10.1038/s41598-020-74492-0] [Medline: 33060704]

10. Menni C, Valdes AM, Freidin MB, Sudre CH, Nguyen LH, Drew DA, et a. Real-time tracking of self-reported symptoms
to predict potentiad COVID-19. Nat Med 2020 Jul;26(7):1037-1040. [doi: 10.1038/s41591-020-0916-2] [Medline: 32393804]

11. EcheverriaP, Mas Bergas MA, Puig J, Isnard M, Massot M, VediaC, et a. COVIDApp as an innovative strategy for the
management and follow-up of COVID-19 casesin long-term care facilities in Catalonia: implementation study. IMIR
Public Health Surveill 2020 Jul 17;6(3):€21163 [FREE Full text] [doi: 10.2196/21163] [Medline: 32629425]

12.  Struyf T, Deeks J, Dinnes J, Takwoingi Y, Davenport C, Leeflang MM, Cochrane COVID-19 Diagnostic Test Accuracy
Group. Signsand symptomsto determineif apatient presenting in primary care or hospital outpatient settings has COVID-19
disease. Cochrane Database Syst Rev 2020 Jul 07;7:CD013665 [FREE Full text] [doi: 10.1002/14651858.CD013665]
[Medline: 32633856]

13. ZensM, Brammertz A, Herpich J, Siidkamp N, Hinterseer M. App-based tracking of self-reported COVID-19 symptoms:
analysis of questionnaire data. JMed Internet Res 2020 Sep 09;22(9):€21956 [FREE Full text] [doi: 10.2196/21956]
[Medline: 32791493]

14. COVID-Nein-Danke-App Overview [In German]. 2020. URL : https.//www.covid-nein-danke.de/ [accessed 2020-12-09]

15. Bhopal SS, Bhopal R. Sex differential in COVID-19 mortality varies markedly by age. Lancet 2020 Aug
22;396(10250):532-533 [FREE Full text] [doi: 10.1016/S0140-6736(20)31748-7] [Medline: 32798449]

http://publichealth.jmir.org/2020/4/e22521/ JMIR Public Health Surveill 2020 | vol. 6 | iss. 4 | €22521 | p. 8

(page number not for citation purposes)

RenderX


https://jmir.org/api/download?alt_name=publichealth_v6i4e22521_app1.docx&filename=ebf58517a8f2d39acfd4aa805cd9abc7.docx
https://jmir.org/api/download?alt_name=publichealth_v6i4e22521_app1.docx&filename=ebf58517a8f2d39acfd4aa805cd9abc7.docx
https://covid19.who.int
http://dx.doi.org/10.25646/6756.3
http://europepmc.org/abstract/MED/32422201
http://dx.doi.org/10.1016/S1473-3099(20)30314-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32422201&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(20)30183-5
http://dx.doi.org/10.1016/S0140-6736(20)30183-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31986264&dopt=Abstract
https://doi.org/10.3389/fimmu.2020.00970
http://dx.doi.org/10.3389/fimmu.2020.00970
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32574258&dopt=Abstract
https://doi.org/10.1038/s41419-020-2720-9
http://dx.doi.org/10.1038/s41419-020-2720-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32641762&dopt=Abstract
http://europepmc.org/abstract/MED/32592657
http://dx.doi.org/10.1016/j.cmet.2020.06.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32592657&dopt=Abstract
http://europepmc.org/abstract/MED/32674818
http://dx.doi.org/10.1016/j.jamda.2020.06.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32674818&dopt=Abstract
https://doi.org/10.1038/s41598-020-74492-0
http://dx.doi.org/10.1038/s41598-020-74492-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33060704&dopt=Abstract
http://dx.doi.org/10.1038/s41591-020-0916-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32393804&dopt=Abstract
https://publichealth.jmir.org/2020/3/e21163/
http://dx.doi.org/10.2196/21163
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32629425&dopt=Abstract
http://europepmc.org/abstract/MED/32633856
http://dx.doi.org/10.1002/14651858.CD013665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32633856&dopt=Abstract
https://www.jmir.org/2020/9/e21956/
http://dx.doi.org/10.2196/21956
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32791493&dopt=Abstract
https://www.covid-nein-danke.de/
http://europepmc.org/abstract/MED/32798449
http://dx.doi.org/10.1016/S0140-6736(20)31748-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32798449&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Urbach et d

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

Reiner Z, Hatamipour M, Banach M, Pirro M, Al-Rasadi K, Jamialahmadi T, et al. Statins and the COVID-19 main protease:
evidence on direct interaction. Arch Med Sci 2020;16(3):490-496 [FREE Full text] [doi: 10.5114/a0ms.2020.94655]
[Medline: 32399094]

Buettner C, Nir R, Bertisch SM, Bernstein C, Schain A, Mittleman MA, et a. Simvastatin and vitamin D for migraine
prevention: A randomized, controlled trial. Ann Neurol 2015 Dec;78(6):970-981 [ FREE Full text] [doi: 10.1002/ana.24534]
[Medline: 26418341]

Fedson DS. Treating influenza with statins and other immunomodulatory agents. Antiviral Res 2013 Sep;99(3):417-435.
[doi: 10.1016/j.antiviral.2013.06.018] [Medline; 23831494]

Fedson DS. Clinician-initiated research on treating the host response to pandemic influenza. Hum Vaccin Immunother
2018 Mar 04;14(3):790-795 [FREE Full text] [doi: 10.1080/21645515.2017.1378292] [Medline: 29058516]

Sapey E, Patel IM, Greenwood H, Walton GM, Grudzinska F, Parekh D, et al. Simvastatin improves neutrophil function
and clinical outcomesin pneumonia. A pilot randomized controlled clinical trial. Am J Respir Crit Care Med 2019 Nov
15;200(10):1282-1293 [FREE Full text] [doi: 10.1164/rccm.201812-23280C] [Medline: 31206313]

Mortensen EM, Nakashima B, Cornell J, Copeland LA, Pugh MJ, Anzueto A, et al. Population-based study of statins,
angiotensin |1 receptor blockers, and angiotensi n-converting enzymeinhibitors on pneumonia-rel ated outcomes. Clin Infect
Dis 2012 Dec;55(11):1466-1473 [FREE Full text] [doi: 10.1093/cid/cis733] [Medline: 22918991]

Henry C, Zaizafoun M, Stock E, Ghamande S, ArroligaAC, White HD. Impact of angiotensin-converting enzymeinhibitors
and statins on viral pneumonia. In: Proc (Bayl Univ Med Cent). 2018 Oct 26 Presented at: Proc (Bayl Univ Med Cent).
;31(4); 2018; NA p. 419-423 URL : http://europepmc.org/abstract/M ED/30948970 [doi: 10.1080/08998280.2018.1499293]
Lee KCH, Sewa DW, Phua GC. Potentia role of statinsin COVID-19. Int JInfect Dis 2020 Jul;96:615-617 [FREE Full
text] [doi: 10.1016/j.ijid.2020.05.115] [Medline: 32502659]

Kruger P, Bailey M, Bellomo R, Cooper DJ, Harward M, Higgins A, ANZ-STATInS Investigators—sANZICS Clinical Trials
Group. A multicenter randomized trial of atorvastatin therapy in intensive care patients with severe sepsis. Am J Respir
Crit Care Med 2013 Apr 01;187(7):743-750. [doi: 10.1164/rccm.201209-17180C] [Medline: 23348980]

Pertzov B, Eliakim-Raz N, AtamnaH, Trestioreanu A, Yahav D, Leibovici L. Hydroxymethylglutaryl-CoA reductase
inhibitors (statins) for the treatment of sepsisin adults- A systematic review and meta-analysis. Clin Microbiol Infect 2019
Mar;25(3):280-289 [FREE Full text] [doi: 10.1016/j.cmi.2018.11.003] [Medline: 30472427]

National Heart, Lung, and Blood Institute ARDS Clinical Trials Network T. Rosuvastatin for sepsis-associated acute
respiratory distress syndrome. N Engl J Med 2014 Jun 05;370(23):2191-2200. [doi: 10.1056/nejmoal401520] [Medline:
22918991]

Abbreviations

ARB: angiotensin receptor blocker

ACEI: angiotensin converting enzyme inhibitor

HCT: hydrochlorothiazide

NSAID: nonsteroidal anti-inflammatory drug

DMARD: disease-modifying antirheumatic drug

RKI: Robert Koch Ingtitute, Germany

RT-PCR: reverse transcription polymerase chain reaction
WHO: World Health Organization

Edited by T Sanchez; submitted 21.08.20; peer-reviewed by F Denis, R McGowan, S Lalmuanawma; comments to author 01.10.20;
revised version received 17.10.20; accepted 16.11.20; published 14.12.20

Please cite as:

Urbach D, Awiszus F, Lei3 S, Venton T, Specht AVD, Apfelbacher C

Associations of Medications With Lower Odds of Typical COVID-19 Symptoms. Cross-Sectional Symptom Surveillance Study
JMIR Public Health Surveill 2020;6(4): 22521

URL.: http://publichealth.jmir.org/2020/4/e22521/

doi: 10.2196/22521

PMID: 33197879

©Dietmar Urbach, Friedemann Awiszus, Sven Leil3, Tamsin Venton, Alexander Vincent De Specht, Christian Apfelbacher.
Originally published in IMIR Public Health and Surveillance (http://publichealth.jmir.org), 14.12.2020. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/),
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first publishedin IMIR

http://publichealth.jmir.org/2020/4/e22521/ JMIR Public Health Surveill 2020 | vol. 6 | iss. 4 | €22521 | p. 9

(page number not for citation purposes)


https://doi.org/10.5114/aoms.2020.94655
http://dx.doi.org/10.5114/aoms.2020.94655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32399094&dopt=Abstract
http://europepmc.org/abstract/MED/26418341
http://dx.doi.org/10.1002/ana.24534
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26418341&dopt=Abstract
http://dx.doi.org/10.1016/j.antiviral.2013.06.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23831494&dopt=Abstract
http://europepmc.org/abstract/MED/29058516
http://dx.doi.org/10.1080/21645515.2017.1378292
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29058516&dopt=Abstract
http://europepmc.org/abstract/MED/31206313
http://dx.doi.org/10.1164/rccm.201812-2328OC
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31206313&dopt=Abstract
http://europepmc.org/abstract/MED/22918991
http://dx.doi.org/10.1093/cid/cis733
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22918991&dopt=Abstract
http://europepmc.org/abstract/MED/30948970
http://dx.doi.org/10.1080/08998280.2018.1499293
https://linkinghub.elsevier.com/retrieve/pii/S1201-9712(20)30422-7
https://linkinghub.elsevier.com/retrieve/pii/S1201-9712(20)30422-7
http://dx.doi.org/10.1016/j.ijid.2020.05.115
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32502659&dopt=Abstract
http://dx.doi.org/10.1164/rccm.201209-1718OC
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23348980&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1198-743X(18)30729-8
http://dx.doi.org/10.1016/j.cmi.2018.11.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30472427&dopt=Abstract
http://dx.doi.org/10.1056/nejmoa1401520
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22918991&dopt=Abstract
http://publichealth.jmir.org/2020/4/e22521/
http://dx.doi.org/10.2196/22521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33197879&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE Urbach et d

Public Health and Surveillance, is properly cited. The complete bibliographic information, alink to the original publication on
http://publichealth.jmir.org, as well as this copyright and license information must be included.

http://publichealth.jmir.org/2020/4/€22521/ JMIR Public Health Surveill 2020 | vol. 6 |iss. 4 | e22521 | p. 10
(page number not for citation purposes)

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

