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Abstract

Aims: To estimate the associations between high-risk alcohol consumption and (1)

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) seroconversion, (2)

self-reported new SARS-CoV-2 infection and (3) symptomatic COVID-19.

Design: Prospective cohort study.

Setting: Indiana University Bloomington (IUB), IN, USA.

Participants: A total of 1027 IUB undergraduate students (64% female), aged 18 years

or older, residing in Monroe County, Indiana, seronegative for SARS-CoV-2 at study

baseline.

Measurements: Primary exposure was high-risk alcohol consumption measured with an

Alcohol Use Disorders Identification Test (AUDIT) questionnaire score of 8 or more. Pri-

mary outcome was SARS-CoV-2 seroconversion since baseline, assessed with two

SARS-CoV-2 antibody tests, at baseline (September 2020) and end-line (November

2020). Secondary outcomes were (a) self-reported new SARS-CoV-2 infection at the

study end-line and (b) self-reported symptomatic COVID-19 at baseline.

Findings: Prevalence of high-risk alcohol consumption was 32 %. In models adjusted for

demographics, students with high-risk alcohol consumption status had 2.44 [95% confi-

dence interval (CI) = 1.35, 4.25] times the risk of SARS-CoV-2 seroconversion and 1.84

(95% CI = 1.04, 3.28) times the risk of self-reporting a positive SARS-CoV-2 infection,

compared with students with no such risk. We did not identify any association between

high-risk alcohol consumption and symptomatic COVID-19 (prevalence ratio = 1.17,

95% CI = 0.93, 1.47). Findings from sensitivity analyses corroborated these results and

suggested potential for a dose–response relationship.

Conclusions: Among American college students, high-risk alcohol consumption appears

to be associated with higher risk for severe acute respiratory syndrome coronavirus

2 seroconversion/infection.
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INTRODUCTION

Background and rationale

Coronavirus disease 2019 (COVID-19), the disease caused by severe

acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has a major

public health burden on college campuses. As of 26 May 2021, more

than 700 000 SARS-CoV-2 infections have been reported from col-

leges and universities in the United States, with the vast majority of

the cases among students [1]. COVID-19 has a wide range of symp-

toms, such as fever, cough, fatigue and dyspnea [2]. In some cases,

COVID-19 causes long-lasting symptoms (long COVID [3]), such as

loss of smell, impaired concentration and memory problems among

young adults [4]. Acquiring COVID-19 and outbreaks of this disease

on college campuses adversely impact students’ mental health and

school performance and results in an increase in missed school days

through isolation or quarantine requirements [5,6]. Finally, SARS-

CoV-2 infection spread among college students can overflow into

other segments of the community with higher risk for severe COVID-

19 outcomes. Early increases in COVID-19 cases among college-aged

(18–24 years) adults have been followed by increases in cases among

older adults who are at higher risk of severe disease [7–9]. Identifying

modifiable risk factors for SARS-CoV-2 transmission among college

students is imperative to prevent and control COVID-19 outbreaks on

college campuses as well as among more vulnerable subpopulations in

the community.

Alcohol consumption is an underexplored yet plausible risk factor

for SARS-CoV-2 infection and transmission. It is a prevalent modifi-

able risky behavior, particularly among college students [10]. In 2018,

51% of college-aged adults reported drinking alcohol in the past

30 days; 24% reported binge drinking and 6% reported heavy drinking

[11]. Alcohol consumption might increase individuals’ susceptibility to

SARS-CoV-2 infection through two inter-related pathways: cognitive/

behavioral and pathophysiological.

Alcohol consumption causes cognitive distortion and brings about

behavioral changes that could increase the risk of SARS-CoV-2 trans-

mission and infection [12–14]. It weakens vigilance, information

processing, spatial working memory and performance of complex

tasks and increases impulsivity [15–17]. These cognitive changes plau-

sibly disrupt compliance with COVID-19 protective behaviors, includ-

ing mask-wearing and physical distancing [12,13,18]. Moreover, the

alcohol use and cognitive distortion relationship might be cyclical.

Young adults tend to drink more alcohol in groups [19], and more

alcohol consumption exacerbates cognitive distortion which conse-

quently can result in more non-compliance with COVID-19 protective

measures [20–22].

Moreover, alcohol consumption impairs innate and adaptive

immune subsystems’ responses to respiratory infections [23–26]

through disrupting various immunological functionalities, such as

reducing T and B cell counts, impairing neutrophil production and

damaging alveolar barrier function [23–25]. Similarly, we expect path-

ophysiological changes in the lungs due to alcohol consumption could

contribute to SARS-CoV-2 infections [24]. Lastly, alcohol consump-

tion has also been found to increase susceptibility to respiratory com-

plications, such as pneumonia [27] and acute respiratory distress

syndrome [28]. Hence, alcohol consumption might also worsen

COVID-19 prognosis.

The association between alcohol consumption and COVID-19 is

not well understood. In commentaries and a non-quantitative review,

researchers have suggested that the associations between alcohol use

and COVID-19 incidence as well as COVID-19 severity need to be

evaluated [24,29–31]. However, no quantitative study has been con-

ducted to evaluate the associations between alcohol consumption

and COVID-19 incidence and severity among college students, a pop-

ulation with prevalent excessive alcohol drinking and frequent

COVID-19 outbreaks.

Objectives

The primary objective was to longitudinally evaluate the association

between high-risk alcohol consumption and SARS-CoV-2 seroconver-

sion among college students. We hypothesized that students with

high-risk alcohol consumption were more likely to experience SARS-

CoV-2 seroconversion. Because seroconversion may have been

imperfectly detected with our antibody tests, our secondary objective

was to evaluate the association between high-risk alcohol consump-

tion and self-reported positive SARS-CoV-2 polymerase chain

reaction (PCR) with reverse transcription (RT–PCR) testing history.

We further assessed the association between high-risk alcohol

consumption and symptomatic COVID-19 as another secondary out-

come. The hypotheses were not pre-registered and consequently the

results should be considered exploratory.

METHODS

We followed the Strengthening the Reporting of

Observational Studies in Epidemiology (STROBE) [32] guidelines in

this study report. The parent study was a randomized controlled trial

evaluating the effect of receiving SARS-CoV-2 antibody test results

on participants’ compliance with protective behavior against COVID-

19 [33]. Details regarding the parent study and overall study design

are published elsewhere [14,34].

Study design

We used a prospective cohort study design. The study period was

from September to November 2020. Payments (up to $30) were made

to participants to compensate them for their time. The Indiana Univer-

sity Human Subjects and Institutional Review boards approved the

study protocol (Protocol no. 2008293852). Participants provided

informed consent through an on-line eConsent framework.
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Study setting, participants and procedures

We conducted this study on the Indiana University Bloomington (IUB)

campus. In Fall 2020, IUB had a total undergraduate population of

32986. Many COVID-19 restrictions were in place during the data

collection phase, including mask-wearing, physical distancing, hybrid

and remote classes, class spacing, contact tracing, mitigation testing

and quarantine and self-isolation mandates. Inclusion criteria were:

(1) age ≥ 18 years, (2) IUB undergraduate student in Fall 2020 and

(3) residing in Monroe County, IN. We acquired a random sample of

IUB undergraduate students from the IUB registrar. Upon our request,

the Office of the Vice Provost for Undergraduate Education gener-

ated a random list of 7499 IUB undergraduate students (of 32 986).

The list was provided to the study team in the form of a comma-

separated values (CSV) file, and included columns of students’ names,

e-mails and current addresses. Even though we sent the study invita-

tion e-mails to all students in this list, students were not included in

the study (and were counted as ineligible) if their current address in

the CSV file was not Monroe County, IN (third eligibility criterion).

We sent study invitation e-mails with information about the study

and links to an eligibility screening on-line survey to the 7499 sampled

students. Eligible students were directed to an on-line eConsent form

with more information about the study. Students who consented to

participate could schedule a baseline antibody testing appointment

and complete the on-line baseline survey [34]. This survey included

questions about participant demographics, SARS-CoV-2 testing his-

tory and alcohol use.

During 14–30 September, we conducted in-person SARS-CoV-2

baseline antibody tests on the IUB campus. We asked participants

to re-schedule their appointments if they were experiencing

COVID-19 symptoms, had tested positive for SARS-CoV-2 in the

last 2 weeks before their appointment or had been directed to iso-

late or quarantine. Antibody testing results were entered into the

REDCap (Research Electronic Data Capture [35,36]) data capturing

system [14].

Four follow-up on-line surveys were administered every 2 weeks

after the baseline antibody test visit, starting 28 September 2020. In

each follow-up survey, participants self-reported the quantity and fre-

quency of their alcohol drinking during the last week. Using the same

laboratory antibody testing procedures discussed above, we tested

participants for SARS-CoV-2 antibodies at end-line. Lastly, on the

fourth follow-up survey (end-line survey), participants self-reported

their RT–PCR SARS-CoV-2 testing history since baseline.

Variables

Primary exposure

The main exposure was high-risk alcohol consumption, measured with

Alcohol Use Disorders Identification Test (AUDIT) (self-report version)

[37]. Previous studies have established AUDIT as a valid measurement

tool for use among young adults and college students [38,39]. AUDIT

has 10 questions. The first three regard frequency and quantity of

alcohol consumption, questions four to six regard drinking behavior

during the last year and the last four questions regard drinking prob-

lems during the last year. Each question can contribute a score from

0 to 4, and correspondingly a total AUDIT score can range from 0 to

40 [37]. In our main analysis, we used an AUDIT score of 8 or more

(AUDIT ≥ 8 versus AUDIT < 8) as the cut-off score for high-risk drink-

ing, as established in prior studies [37,39]. AUDIT was measured once,

in the on-line baseline survey.

Secondary exposures for sensitivity analyses

To explore the sensitivity of our findings we used three sets of sec-

ondary exposures. We used AUDIT score as a continuous variable to

avoid residual confounding and loss of power [40]. Further, AUDIT-C

is an effective and brief three-question measurement tool for

detecting high-risk alcohol consumption [41], validated for use among

college students [42]. We used a cut-off score of 7 for males and

5 for females when using AUDIT-C to identify at-risk drinkers [42].

Lastly, in each of the four follow-up surveys, we collected weekly

alcohol use data using a quantity–frequency measure. The questions

used for collecting these data were similar to that from the behavioral

risk factor surveillance system [43], although slightly re-worded. Using

these data, we made the following secondary exposures: (a) any drink-

ing during the study follow-up and (b) heavy drinking (> 14 drinks per

week for men and > 7 drinks per week for women in any of the four

follow-up surveys). Compared to AUDIT, quantity–frequency

measurement tool captured alcohol use that occurred closer to the

seroconversion outcome.

Primary outcome

The main outcome was SARS-CoV-2 seroconversion. For primary out-

come analyses, we had an additional exclusion criterion. Participants

needed to be seronegative for SARS-CoV-2 antibodies at baseline

(n = 1027). Seroconversion was defined as having a negative SARS-

CoV-2 antibody test result at baseline and a positive one at end-line.

We used SARS-CoV-2 immunoglobulin (Ig)M/IgG rapid assay kit

(colloidal gold method) from BGI Genomics (Shenzhen, Guangdong,

China; a biotechnology company [44]) to test participants for SARS-

CoV-2 IgM and IgG antibodies. The antibody test result was inter-

preted as positive if one or both IgG and IgM antibody types were

detected in the blood sample. In an external validation analysis,

Beckman Coulter Access (Brea, CA, USA) SARS-CoV-2 IgG with high-

throughput chemiluminescent immunoassay (CLIA) [45] was used as

the reference standard test to evaluate the accuracy of the rapid

assay kits that we used in the current study. Compared to the refer-

ence standard test, the rapid assay kits showed a 64% of sensitivity

and a 100% of specificity in detecting SARS-CoV-2 seroconversion.
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Secondary outcomes

We chose two secondary outcomes:

1. Self-reported new SARS-CoV-2 infections since baseline. Partici-

pants self-reported their testing history for active SARS-CoV-2

infection in baseline and end-line surveys. At baseline, they

reported if they have ever been tested positive for SARS-CoV-2

infection. In the end-line survey, we asked participants if they have

been tested for an active SARS-CoV-2 infection since baseline.

Among those who responded ‘yes’ to this question, we asked

about the results of their test. Only participants who self-reported

a negative SARS-CoV-2 infection history at baseline and self-

reported testing for SARS-CoV-2 active infection since baseline, in

the end-line survey, were eligible for this outcome analyses

(n = 518). New SARS-CoV-2 infection was defined as self-

reporting a negative SARS-CoV-2 antibody test result in baseline

and a positive one in end-line surveys.

2. Self-reports of symptomatic COVID-19. At baseline, among par-

ticipants who self-reported that they have ever been tested

positive for SARS-CoV-2 infection (n = 128), we asked them to

describe the symptoms of their SARS-CoV-2 infection. There

were four response options for this question: ‘asymptomatic’,
‘mild’, ‘moderate’ and ‘severe’. For this dichotomized secondary

outcome, participants who reported ‘mild’, ‘moderate’ or

‘severe’ symptoms were recoded as symptomatic (asymptomatic

versus symptomatic).

Covariates

In the baseline survey, participants self-reported the following

demographics: age (years), sex at birth (female versus male), race

(Asian, black, multi-racial, other, white), year in school (1st–4th and

5th), residence (on- versus off-campus) and Greek membership1

(yes versus no). For descriptive analysis, we dichotomized the age

variable at the legal age of drinking in the United States (21 years).

We also dichotomized the race variable (white versus non-white).

Participants had the option to choose ‘do not know’ when

responding to the baseline survey questions. ‘Do not know’
responses were set to missing in the analysis. Lastly, in the parent

randomized controlled study (RCT), participants were randomized

to receive their antibody testing results either ≤ 24 hours (group 1)

or 4 weeks (group 2) after their antibody testing [33]. In our infer-

ential analyses, we accounted for this variable.

Study size

We did not perform power analysis for the current cohort study as

this study was leveraged from the RCT study.

Statistical methods

To evaluate the representativeness of our study sample, we compared

the sample characteristics with that of the IUB undergraduate popula-

tion using official IUB enrollment reports [46]. We used multiple

imputation (MI, fully conditional method) and created 20 imputed data

sets to address missingness, specifically to account for the missing

values of the seroconversion outcome (Supporting information,

Box S2) [47,48]. To account for the imperfect sensitivity of the anti-

body tests in detecting seroconversion, we used logistic regression

with a maximum likelihood analysis approach [49,50] when evaluating

the associations between high-risk alcohol consumption (or secondary

exposures) and seroconversion outcome. This approach generates the

odds ratio (OR). However, the risk ratio (RR) was the measure of

interest in the current prospective cohort study. Hence, we used the

equation developed by Zhang & Yu [51] to convert these ORs to RRs.

We used Poisson regression with a robust error variance [52] to

estimate RRs for the association between the high-risk alcohol con-

sumption and secondary outcome of self-reported new SARS-CoV-2

infection. We used the same statistical model [52] to estimate the

prevalence ratio (PR) for the association between high-risk alcohol

consumption and symptomatic COVID-19. Poisson regression with a

robust error variance is the method of choice when estimating PRs

[53]. All models were adjusted for sex at birth, dichotomized race, age

(continuous) and intervention group. We calculated the 95% confi-

dence interval (CI) for all estimated RRs and PRs.

In our sensitivity analysis, we used total AUDIT score (continuous

variable), AUDIT-C and quantity and frequency of alcohol consump-

tion (any drinking and heavy drinking) and re-estimated the RR for the

associations between these exposures and the outcomes. The data

analysis was conducted using SAS software, version 9.4 (Cary, NC,

USA) (analysis SAS code available in Supporting information, Box S2).

We used Python version 3.7.6 for data visualization (Python Software

Foundation, Beaverton, OR, USA).

RESULTS

Participants

Of the 7499 sampled IUB undergraduate students, 3430 did not meet

one or more of the inclusion criteria and 2672 were non-responders

(Figure 1). A total of 1397 students consented to participate in the

study. However, 130 participants did not complete any of the study

procedures and 191 did not complete their baseline SARS-CoV-2 anti-

body testing. Moreover, 49 of the 1076 participants who completed

their baseline antibody test appointment tested positive at baseline

and were excluded from the analysis regarding the primary outcome.

The response rate for the current study was estimated to be 27%

(Supporting information, Box S1). This response rate is above average

compared to other, similar, studies [54–56]. Of the 1027 participants

who tested negative at baseline, 808 returned for their end-line
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antibody test (retention rate = 79%). A total of 736 participants com-

pleted all follow-up surveys.

Descriptive data

Age median was 20 (interquartile range = 2). Students were mostly

female (64%), white (79%), senior undergraduate student (30%) and

non-Greek affiliated (77%) (Table 1). Approximately 69% of

participants reported living off-campus. The study sample seemed to

be representative of the IUB undergraduate population for most

demographics (Supporting information, Table S1). However, female

students were over-represented in our sample relative to their

representation in the overall IUB student body.

There were significant socio-demographic differences between

participants with high-risk alcohol consumption (AUDIT score ≥ 8) and

low-risk alcohol consumption (AUDIT score < 8). In χ2 tests, age, sex

at birth, race, year in school, residence and Greek membership were

associated with high-risk alcohol consumption. Participants with high-

risk alcohol consumption status tended to be ≥ 21 years old, male,

white, senior students, living off-campus and affiliated with the Greek

organizations.

AUDIT score data were available for 1009 (of the 1027) partici-

pants (n missing = 18) (Table 1). AUDIT score median was 5 with an

interquartile range of 7 (Supporting information, Figure S1). Approxi-

mately 32% of participants were at high-risk alcohol consumption.

Seroconversion (primary outcome)

Of the 808 participants who tested negative at baseline and com-

pleted the end-line antibody test, 42 (5%) seroconverted; 21 (9%) of

247 participants with high-risk alcohol consumption status

seroconverted while only 20 (4%) of 551 participants with low-risk

alcohol consumption status seroconverted (Table 1, Figure 2). The

proportion of missing values for primary outcome was similar among

the low- and high-risk groups.

Self-reported new SARS-CoV-2 infection/
symptomatic COVID-19 (secondary outcomes)

Overall, 9% of participants who self-reported a negative SARS-CoV-2

infection history at baseline self-reported a positive SARS-CoV-2

infection in the end-line survey. Moreover, among participants who

self-reported that they have ever been tested positive for SARS-

CoV-2 infection in the baseline survey, 75% reported experiencing

symptomatic COVID-19.

Main results

In adjusted models and after MI (Table 2), we found that students

with high-risk alcohol consumption had 2.44 times the risk of SARS-

CoV-2 seroconversion (corrected RR = 2.44, 95% CI = 1.35, 4.25) and

1.84 times the risk of self-reporting a positive SARS-CoV-2 infection

at end-line (RR = 1.84, 95% CI = 1.04, 3.28) compared to students

with low-risk alcohol consumption. We did not identify any associa-

tion between high-risk alcohol consumption and symptomatic

COVID-19 (PR = 1.17, 95% CI = 0.93, 1.47). Similar associations were

found in complete case analysis (Supporting information, Tables S2

and S3).

Sensitivity analyses

We found similar results when we used AUDIT-C instead of

AUDIT as the exposure variable (Table 2). Moreover, we found

that participants who reported heavy drinking in one or more of

the follow-up surveys had 2.32 (95% CI = 1.26, 4.15) times the risk

of SARS-CoV-2 seroconversion and 2.53 (95% CI = 1.36, 4.69)

times the risk of self-reporting a new positive SARS-CoV-2 infec-

tion compared to participants who did not report heavy drinking.

Lastly, the associations between the continuous variable of AUDIT

score and SARS-CoV-2 seroconversion were positively and statisti-

cally significant [adjusted RR (aRR) = 1.10, 95% CI = 1.03, 1.17].

Similar results were found for the association between AUDIT

score and self-reported new SARS-CoV-2 infection at the end-line

(aRR = 1.05, 95% CI = 1.00, 1.10).

F I GU R E 1 Flow diagram of the study sample. There were three
eligibility criteria for the parent study and one additional criterion for
the current study
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T AB L E 1 Baseline characteristics of the study participants of 1027 Indiana University undergraduate students, September 2020

Tota N = 1027 n (%)

Primary exposure: total AUDIT scorea

P-valuebAUDIT < 8 n = 688 (68.2%) AUDIT ≥ 8 n = 321 (31.8%)

Socio-demographic characteristics

Age (years) < 0.0001

≥ 21 332 (34.4) 191 (29.5) 139 (46.0)

< 21 632 (65.6) 457 (70.5) 163 (54.0)

Missing 63 40 19

Sex at birth < 0.0001

Female 655 (64.0) 476 (69.2) 171 (53.3)

Male 368 (36.0) 212 (30.8) 150 (46.7)

Missing 4 0 0

Race < 0.0001c

Asian 77 (7.5) 67 (9.7) 10 (3.1)

Black 13 (1.3) 11 (1.6) 2 (0.6)

Multi-racial 80 (7.8) 60 (8.7) 20 (6.2)

Other 43 (4.2) 35 (5.1) 7 (2.2)

White 809 (79.2) 515 (74.9) 282 (87.9)

Missing 5 0 0

Race dichotomized < 0.0001

White 809 (79.2) 515 (74.9) 282 (87.9)

Non-white 213 (20.8) 173 (25.1) 39 (12.1)

Missing 5 0 0

Year in school < 0.0001

1st 224 (21.9) 167 (24.3) 50 (15.6)

2nd 235 (23.0) 168 (24.5) 65 (20.2)

3rd 255 (25.0) 173 (25.2) 79 (24.6)

4th and 5th 307 (30.1) 178 (25.9) 127 (39.6)

Missing 6 2 0

Residence 0.0012

Off-campus 701 (68.7) 452 (65.8) 243 (75.9)

On-campus 320 (31.3) 235 (34.2) 77 (24.1)

Missing 6 1 1

Greek membership < 0.0001

No 788 (77.2) 565 (82.4) 213 (66.4)

Yes 233 (22.8) 121 (17.6) 108 (33.6)

Missing 6 2 0

Intervention group 0.2089

Group 1 516 (50.2) 355 (51.6) 152 (47.4)

Group 2 511 (49.8) 333 (48.4) 169 (52.6)

Primary outcome

SARS-CoV-2 seroconversion, among those who were seronegative for SARS-CoV-2 at baseline (n = 1027) 0.0039

Yes 42 (5.2) 20 (3.6) 21 (8.5)

No 766 (94.8) 531 (96.4) 226 (91.5)

Missing 219 137 74

Secondary outcomes

Self-reported new SARS-CoV-2 infections since baseline: among those who self-reported a negative SARS-CoV-2 infection history at

baseline and self-reported testing for SARS-CoV-2 active infection since baseline, in the end-line survey (n = 518)

0.0244

Yes 44 (8.6) 23 (6.8) 21 (12.8)

(Continues)
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DISCUSSION

Key results

We found that undergraduate students with high-risk alcohol con-

sumption were at higher risk for SARS-CoV-2 seroconversion, com-

pared to students with no such risk. We found similar results when

we used an alternative outcome (self-reported new SARS-CoV-2

infection). In sensitivity analyses, we found similar results when we

used other alcohol consumption exposures (continuous AUDIT score,

AUDIT-C and heavy drinking). This study highlights the important role

that alcohol may play in the spread of COVID-19 on college

campuses.

Interpretation

Few studies have evaluated similar associations between alcohol use

and COVID-19. In our literature screening of more than 660 titles on

PubMed, we identified eight relevant study reports [57–64]. Two

studies did not find any association between alcohol consumption and

COVID-19 [57,60]. Four studies identified excessive alcohol use as a

risk factor for COVID-19 diagnosis [63], poor prognosis [62] and

severity [58,64]. One study found excessive alcohol use as a risk fac-

tor for COVID-19 death in patients with obesity but not in those

without obesity [52]. One study found low-dose alcohol intake

(< 100 g alcohol per week) to be a protective factor for COVID-19

hospitalization [50]. Lastly, in a previous cross-sectional analysis

report using baseline data of the RCT study, we found that drinking

alcohol more than once a week increased the likelihood of SARS-

CoV-2 seropositivity [14].

These studies were heterogeneous in their methodology, target

population and exposure and outcome measurements. Only one study

was conducted in the United States (among hospital patients) [63]. No

prior study was in college students or young adults, a general popula-

tion among whom excessive alcohol drinking and SARS-CoV-2 infec-

tions are both prevalent. Previous studies measured alcohol

consumption in different ways, such as quantity–frequency

T AB L E 1 (Continued)

Tota N = 1027 n (%)

Primary exposure: total AUDIT scorea

P-valuebAUDIT < 8 n = 688 (68.2%) AUDIT ≥ 8 n = 321 (31.8%)

No 465 (91.4) 317 (93.2) 143 (87.2)

Missing 9 6 3

Symptomatic COVID-19: among those who self-reported positive SARS-CoV-2 testing history at baseline (n = 128) 0.1138

Yes 95 (75.4) 42 (68.9) 48 (81.4)

No 31 (24.6) 19 (31.1) 11 (18.6)

Missing 2 2 0

aOverall, Alcohol Use Disorders Identification Test (AUDIT) score was missing for 18 participants.
bχ2 and Fisher’s exact tests were used to compare the groups.
cFisher’s exact test due to small cell sizes. Bold type indicates significant values.

F I GU R E 2 Kernel density estimates of AUDIT score by primary
and secondary COVID-19 outcomes. NB: Kernel density estimate is a
non-parametric method to visualize the distribution of a continuous
variable (we used bandwidth of 1 in all figures)
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questionnaires [57–59] and semi-structured interviews [62]. To our

knowledge, no study used the validated AUDIT screening tool. AUDIT

screens a longer period compared to other measurement tools and

can identify harmful drinking patterns and chronic alcohol consump-

tion, which are linked to adverse physical consequences [65]. Studies

used different ways to measure COVID-19 outcome, such as the

RT–PCR test [61], electronic health records [63] or COVID-19 hospi-

talization [57,59,60]. No study used SARS-CoV-2 seroconversion.

Serological tests can detect previously infected individuals even if

they were not tested for active infection using RT-PCR test.

We further observed a statistically significant association

between continuous AUDIT score and SARS-CoV-2 seroconversion.

These findings suggest that there might be a dose–response relation-

ship between alcohol consumption and SARS-CoV-2 seroconversion.

Another study found that low-dose alcohol use is associated with

lower risk for COVD-19 hospitalization [59]. Previous studies have

found similar protective associations for low to moderate alcohol use

and other respiratory infections, such as the common cold [66]. Fur-

ther studies are needed to fully understand the relationship.

Strengths and limitations

Study design

Some aspects of our study design influence the interpretation of our

findings. As our study design was observational, no causal inference

should be made based on the findings, particularly because of the

potential for unmeasured confounding. Moreover, the associations

between high-risk alcohol consumption and symptomatic COVID-19

were evaluated cross-sectionally and with a small sample size. Thus,

our ability to evaluate the temporal ordering for these associations is

limited. Similarly, the temporal relationships between frequency and

quantity of alcohol consumption measured during the data collection

weeks and the outcomes are not fully clear because we do not have

data on the exact date of seroconversion. Seroconversion could have

occurred at any time between the baseline and end-line antibody test-

ing, though more likely it occurred close to the end-line testing date.

Nonetheless, we used a more robust study design (prospective cohort)

with larger sample sizes when evaluating the associations between

T AB L E 2 Adjusted associations between alcohol consumption and COVID-19 outcome, findings after multiple imputation

Primary exposure

Primary outcomea,b Secondary outcomesa

SARS-CoV-2 seroconversion
at end-line

Self-reported new SARS-CoV-2
infections at end-line

Symptomatic COVID-19
self-report at baseline

Adjusted RR Adjusted RR Adjusted PR

High-risk alcohol consumption

assessed with AUDIT

n = 1027 n = 518 n = 128

Yes (AUDIT ≥ 8) 2.44 (1.35, 4.25) 1.84 (1.04, 3.28) 1.17 (0.93, 1.47)

No (AUDIT < 8) Ref. Ref. Ref.

Secondary exposures

High-risk alcohol consumption

assessed with AUDIT-C

n = 1027 n = 518 n = 128

Yes (AUDIT-C ≥ 7 for males and

AUDIT-C ≥ 5 for females)

2.54 (1.38, 4.53) 2.28 (1.26, 4.14) 0.98 (0.79, 1.23)

No (AUDIT-C < 7 for males and

AUDIT-C < 5 for females)

Ref. Ref. Ref.

Frequency and quantity of alcohol

consumption

Any drinking n = 1027 n = 518

Yes 1.47 (0.60, 3.44) 1.95 (0.78, 4.87) NA

No Ref. Ref. NA

Heavy drinking n = 1027 n = 518

Yes 2.32 (1.26, 4.15) 2.53 (1.36, 4.69) NA

No Ref. Ref. NA

aAll models were adjusted for sex at birth, race, age and intervention group (from the parent RCT study).
bFor the seroconversion outcome, we first estimated the corrected odds ratios (OR) for misclassified outcomes [49,50] and then converted these ORs to

risk ratios (RRs) using the Zhang & Yu equation [51].

NA = not applicable because exposure occurred after outcome; AUDIT = Alcohol Use Disorders Identification Test; RCT = randomized controlled trial;

PR = prevalence ratio.

Bold type indicates significant value (P < 0.05).
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high-risk alcohol consumption and seroconversion and self-reported

SARS-CoV-2 new infection outcomes. Here, the temporal relationship

is clear; that is, the exposure comes before the outcome, because

AUDIT, which measures high-risk alcohol consumption in previous

years, was completed at baseline, and outcome could have only

occurred after the baseline.

Measures

We chose different measurement tools for assessing the exposure

and outcome, each of which have some strengths and limitations. We

used biological antibody testing to measure seroconversion outcome.

Antibody testing kits can capture undetected previous SARS-CoV-2

infections, although the antibody testing kits in this study had a low

sensitivity. However, RR estimates tend to be less biased when, as in

our study, the outcome is not prevalent, and it is measured with per-

fect (100%) specificity but low sensitivity [50]. We counted for the

low sensitivity of antibody tests in our statistical analysis. Further, we

used a secondary outcome (self-reported new SARS-CoV-2 infection)

that does not depend upon antibody positivity. Previously, we found

a strong association between self-reported SARS-CoV-2 infection and

antibody testing variables [14]. Similarly, we used different measures

to collect self-reported data on alcohol use, AUDIT, AUDIT-C and

quantity–frequency index. Because alcohol use data were self-

reported, the data might suffer from recall and social desirability

biases. However, all these measurement tools are validated. Collecting

real-time alcohol use data using ecological momentary assessment

tools might help to reduce these biases [67].

Generalizability

We used random sampling to identify our potential study participants.

Because the demographics of IUB undergraduates are comparable to

those of other large campuses, we might be able to generalize our

findings to American college students. However, there were some dif-

ferences between the random sample and IUB undergraduate popula-

tion, specifically in the ‘sex at birth’ variable. The response rates of

27% might seem low; however, our response rate is considered

greater than average when compared to other studies on college cam-

puses [55,56].

CONCLUSION

Our findings suggest that high-risk alcohol consumption is associ-

ated with higher risk for SARS-CoV-2 infection/seroconversion.

These findings could have implications for colleges’ re-opening plan-

ning. Even though effective interventions to reduce high-risk alcohol

consumption might take more time to be tested and implemented

at individual level, university policymakers can use our findings to

predict locations in college towns where transmission might be

more likely to occur (e.g. college town bars or Greek houses) and

implement COVID-19 protective measures (e.g. face mask-wearing)

in such places. More studies are needed to understand the extent

of a causal relationship between alcohol consumption and SARS-

CoV-2 infection.
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