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ARTICLE W) Check for updates
COVID-19 pandemic stressors are associated with reported

increases in frequency of drunkenness among individuals with
a history of alcohol use disorder

© The Author(s) 2023

Some sources report increases in alcohol use have been observed since the start of the COVID-19 pandemic, particularly among
women. Cross-sectional studies suggest that specific COVID-19-related stressful experiences (e.g., social disconnection) may be
driving such increases in the general population. Few studies have explored these topics among individuals with a history of
Alcohol Use Disorders (AUD), an especially vulnerable population. Drawing on recent data collected by the Collaborative Study on
the Genetics of Alcoholism (COGA; COVID-19 study N = 1651, 62% women, age range: 30-91) in conjunction with AUD history data
collected on the sample since 1990, we investigated associations of COVID-19 related stressors and coping activities with changes
in drunkenness frequency since the start of the pandemic. Analyses were conducted for those without a history of AUD (N: 645) and
three groups of participants with a history of AUD prior to the start of the pandemic: (1) those experiencing AUD symptoms (N: 606),
(2) those in remission who were drinking (N: 231), and (3) those in remission who were abstinent (had not consumed alcohol for 5+
years; N: 169). Gender-stratified models were also examined. Exploratory analyses examined the moderating effects of ‘problematic
alcohol use’ polygenic risk scores (PRS) and neural connectivity (i.e., posterior interhemispheric alpha EEG coherence) on
associations between COVID-19 stressors and coping activities with changes in the frequency of drunkenness. Increases in
drunkenness frequency since the start of the pandemic were higher among those with a lifetime AUD diagnosis experiencing
symptoms prior to the start of the pandemic (14% reported increased drunkenness) when compared to those without a history of
AUD (5% reported increased drunkenness). Among individuals in remission from AUD prior to the start of the pandemic, rates of
increased drunkenness were 10% for those who were drinking pre-pandemic and 4% for those who had previously been abstinent.
Across all groups, women reported nominally greater increases in drunkenness frequency when compared with men, although only
women experiencing pre-pandemic AUD symptoms reported significantly greater rates of increased drunkenness since the start of
the pandemic compared to men in this group (17% of women vs. 5% of men). Among those without a prior history of AUD,
associations between COVID-19 risk and protective factors with increases in drunkenness frequency were not observed. Among all
groups with a history of AUD (including those with AUD symptoms and those remitted from AUD), perceived stress was associated
with increases in drunkenness. Among the remitted-abstinent group, essential worker status was associated with increases in
drunkenness. Gender differences in these associations were observed: among women in the remitted-abstinent group, essential
worker status, perceived stress, media consumption, and decreased social interactions were associated with increases in drunkenness.
Among men in the remitted-drinking group, perceived stress was associated with increases in drunkenness, and increased
relationship quality was associated with decreases in drunkenness. Exploratory analyses indicated that associations between family
illness or death with increases in drunkenness and increased relationship quality with decreases in drunkenness were more
pronounced among the remitted-drinking participants with higher PRS. Associations between family illness or death, media
consumption, and economic hardships with increases in drunkenness and healthy coping with decreases in drunkenness were more
pronounced among the remitted-abstinent group with lower interhemispheric alpha EEG connectivity. Our results demonstrated
that only individuals with pre-pandemic AUD symptoms reported greater increases in drunkenness frequency since the start of the
COVID-19 pandemic compared to those without a lifetime history of AUD. This increase was more pronounced among women than
men in this group. However, COVID-19-related stressors and coping activities were associated with changes in the frequency of
drunkenness among all groups of participants with a prior history of AUD, including those experiencing AUD symptoms, as well as
abstinent and non-abstinent participants in remission. Perceived stress, essential worker status, media consumption, social connections
(especially for women), and relationship quality (especially for men) are specific areas of focus for designing intervention and
prevention strategies aimed at reducing pandemic-related alcohol misuse among this particularly vulnerable group. Interestingly,
these associations were not observed for individuals without a prior history of AUD, supporting prior literature that demonstrates
that widespread stressors (e.g., pandemics, terrorist attacks) disproportionately impact the mental health and alcohol use of those
with a prior history of problems.
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INTRODUCTION

The COVID-19 pandemic has led to disruptions in daily social
activities, schooling, and employment for millions of people
globally. For some, the pandemic has also led to financial
insecurity, exposure to potentially hazardous working conditions,
iliness, and the illness and/or loss of a loved one. Research has
linked traumatic stress from previous viral outbreaks and other
mass-traumatic events (e.g., SARS epidemic, 9/11 terrorist attacks,
mass shootings, natural disasters) to increases in alcohol use [1-4],
particularly in vulnerable groups such as those with a history of
alcohol use disorders (AUD) [5]. Much less is known, however,
about the risk and protective factors for alcohol use during and
after prolonged stressors, such as the COVID-19 pandemic. While
there is mixed evidence across different study populations [6, 7],
several initial reports have suggested that rates of alcohol use
have increased since the start of the COVID-19 pandemic for some
vulnerable groups [8-15]. Researchers have posited a variety of
COVID-19-related hardships, such as social disconnection, lack of
access to healthcare services, and economic difficulties, as
potential explanations for these increases. However, it remains
unknown which specific types of stressful COVID-19-related
experiences are associated with increases in alcohol misuse and
what healthy coping strategies might mitigate risk.

Prior research has demonstrated that some groups are more
vulnerable to stress-related increases in alcohol misuse. For
example, stressful events are associated with the recurrence of
AUD [16], which underscores concern about the COVID-19
pandemic’s effect on alcohol use among individuals with a history
of AUD. One recent study found that approximately half of adults
in recovery from a substance use disorder reported cravings
during a pandemic isolation period and that their craving was
prompted by loneliness, lack of support, and financial stress,
among other factors [17]. In addition, during the COVID-19
pandemic, access to mutual-help groups and specialized AUD
treatments may have diminished [18]. This has played out in some
early data on individuals with a lifetime history of AUD, which
showed that ~20% of participants reported increases in their
alcohol use since the pandemic began, with a significant portion
of individuals reporting decreased access to substance use
disorder treatment. However, other data have shown that 88.9%
of women and 88.8% of men in a national survey of adults with
‘resolved’ AUD (i.e., no longer meet criteria for AUD and who were
not drinking heavily) reported that the COVID-19 pandemic had
not affected their recovery at all, and that ‘return to drinking’
events were infrequent [19]. These mixed findings indicate that
research is needed to understand the association between
potential stressors related to the COVID-19 pandemic and
increases in drinking among individuals with a past AUD, and
differences between those in remission from AUD (including
abstinent, low-risk, and high-risk drinkers, who are all considered
“in remission” according to new NIAAA definitions [20]) and those
who are experiencing symptoms of AUD.

Women may be particularly vulnerable to increases in drinking
during the COVID-19 pandemic [21-23]. Two independent studies
found that women were more likely than men to have a
recurrence of AUD when experiencing interpersonal conflict,
whereas men were more likely than women to have a recurrence
of AUD in response to social isolation [21-23]. Higher trauma
exposure was associated with a higher risk of relapse only in
women [23]. Being married has been identified as a relapse risk
factor for women but a protective factor for men [21]. Because
gender differences are often not examined in studies of
individuals with AUD, robust, nuanced, and consistent findings
regarding the role of gender in the associations of stress with
drinking outcomes are unavailable. Since the start of the COVID-19
pandemic, some studies have found greater increases in adverse
drinking outcomes among women than men [9, 11]. Given the
unique stressors experienced by women during the COVID-19
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pandemic, primarily related to balancing work and caregiving
duties, further research is needed regarding gender differences in
the relationships between COVID-19 pandemic stressors and
increases in drinking among individuals with past AUD.

In addition, individuals at heightened risk for AUD are more
vulnerable to stress-related alcohol use. For example, genetic and/
or neural risk factors for AUD have been shown to increase the
association between traumatic stress and alcohol use problems
[24, 25]. There is also a growing literature suggesting that
individuals exposed to traumatic stress differ in terms of
temporally sensitive EEG-based measures of neural functional
connectivity [26-32] (i.e, EEG alpha coherence and alpha
hypoconnectivity in the Default Mode Network [22]), which are
also associated with heightened risk for alcohol use disorder
[28-31]. EEG coherence, the degree of synchrony in brain
oscillatory activity between neural networks in two brain regions,
is a heritable measure of neural functional connectivity that has
been studied extensively and is correlated with various aspects of
cognitive functioning and psychopathology [33-35]. While dec-
ades of research have focused on genetic and neurocognitive
differences observed among those with alcohol use problems, few
studies have examined interactions between measures of brain
functioning and social environmental factors (e.g., traumatic
stress) with respect to risk for alcohol use/misuse.

Research teasing apart specific types of stressful COVID-19-
related experiences associated with problematic alcohol use (e.g.,
social disconnection, economic hardships), and detailing how they
interact with individualized risk factors (e.g., history of AUD,
gender, polygenic and neural risk factors), will allow us to better
understand strategies that may buffer against the re-emergence,
exacerbation, or new development of AUD that may occur as the
COVID-19 pandemic continues to unfold. This study analyzed new
data collected during the first months of the COVID-19 pandemic
from longtime participants in the Collaborative Study on the
Genetics of Alcoholism (COGA) study, in conjunction with their
data on AUD and drinking collected in prior assessments. The
primary aim of this study was to examine the associations
between COVID-19-related stressors and coping activities with
changes in drunkenness frequency since the start of the pandemic
among men and women with and without a history of AUD. Using
information from earlier (pre-pandemic) data collections, we
further categorized individuals as having had no prior history of
AUD pre-pandemic, having been symptomatic of AUD pre-
pandemic, having been in remission from AUD but drinking pre-
pandemic, or having been in remission from AUD and abstinent
pre-pandemic. Gender differences in the associations of COVID-
19-related stressors and coping activities with changes in
drunkenness frequency were also examined. An exploratory aim
was to examine the roles that polygenic risk for problematic
alcohol use [36] and neural connectivity (i.e., posterior alpha EEG
interhemispheric coherence) played as moderators of these
associations.

METHODS

Details on the Collaborative Study on the Genetics of Alcoholism (COGA) data
collection and procedures have been published previously [37, 38]. Briefly,
since 1990 over 17,000 individuals from families densely affected with AUD
and from community comparison families have participated in the COGA
study. Participants were administered a comprehensive evaluation that
included clinical assessments of substance use and psychiatric disorders
using the Semi-Structured Assessment for the Genetics of Alcoholism
(SSAGA) [39] research interview. In a subset of families, DNA was collected,
and a brain functioning protocol was administered that included measures
of EEG during resting state, such as measures of neural connectivity. The
current COGA protocol began in 2019 when the project turned to a one-
time follow-up assessment (SSAGA interviews, questionnaires, and a brain
functioning battery) of previous COGA participants currently in two life
stages: participants aged 50 or older (born 1973 or earlier), the majority of
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Table 1.
All participants No past AUD
(N=1651) (N: 645)
Socio-demographics
Female (%) 61.8 74.9%
Self-reported Black (%) 16.1 21.22
Self-reported White (%) 79.0 74.7
Self-reported Hispanic (%) 7.9 6.0
Age (Mean, SD) 50.7 (15.8) 49.7 (16.6)
AUD Remission Status
No past AUD (%) 39.2 100.0%
Current AUD symptoms (%) 36.6 0
Remitted AUD, drinking (%) 14.0 0
Remitted AUD, nondrinking (%) 10.2 0
Alcohol related history (lifetime)
Age of onset of AUD (Mean, SD) 222 (6.4) -—
Maximum number of DSM-5 AUD 3.5 (3.5) 0.4 (0.6)%
symptoms (0-11)
Maximum drinks consumed in a 24- 17.8 (15.2) 8.8 (8.6)?
h period (Mean, SD)
Age at first whole drink (Mean, SD) 16.3 (2.6) 17.2 (2.6)°
Age at last drink (Mean, SD) 34.3 (8.9) 33.9 (9.9)
Maximum number of AUD 23 (2.2) 0.4 (0.6)
symptoms (Mean, SD)
Substance use history (lifetime)
Ever smoked cigarettes (%) 823 65.3%
Ever used cannabis (%) 67.0 54.3°
Ever use cocaine (%) 31.3 10.72
Ever used opiates (%) 184 432

Significantly different p <0.001 from other groups.

whom have a lifetime history of AUD, and participants aged 30-40 (born
1982-1993) from a longitudinal study of youth and young adult offspring
from COGA families, approximately half of whom have a lifetime history of
AUD. In these samples, over 95% had DNA and GWAS (Genome-Wide
Association Study) data available, and over 75% completed at least one
EEG assessment. Further details on these earlier studies have been
published [37, 38].

COGA'’s COVID-19 analytic sample

In May 2020, shortly after the pandemic began and the data collection for
the latest lifespan protocol had just begun, we added adapted versions of
the CoRonavlruS Health Impact Survey (CRISIS) PhenX questionnaire [40]
and the ABCD (Adolescent Brain Cognitive Development Study) COVID
questionnaire [41] to the COGA assessment protocol to capture major
COVID-19 related stressors, healthy coping activities, and changes in
alcohol use/misuse since the onset of the pandemic in March 2020. While
data collection is ongoing, as of July 22, 2022, questionnaire data had been
obtained on 1654 participants. Genome-wide association data are available
in 96.1% of this sample, and EEG assessments are available in 75.7% of the
sample. Of those who completed the COVID-19 questionnaire, 61.8% were
female, 79% were White, and the average age was 50.7 (Table 1).

History of DSM-5 AUD symptoms and remission ascertained

from the SSAGA interviews prior to the COVID-19 pandemic

From these data, participants were designated as having (0) no lifetime
history of AUD (N: 645) or having had a lifetime history of AUD (N: 1006),
which included (1) those experiencing AUD symptoms at the time of
COVID-19 assessments (N: 602-606, see note below), (2) those in remission
(who no longer have symptoms of AUD other than craving) but are
drinking; N: 231), (3) those in remission who have not consumed alcohol at
all for 5+ years (N: 169). Four participants were in remission (i.e., no AUD
symptoms except craving) and had not consumed alcohol at all for <1
year. Note, given this <1 year duration of remission, and the small sample
size, these individuals were included in the category along with
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Current AUD
symptoms (N: 606)

Descriptive characteristics of COGA's lifespan project COVID-19 sample, stratified by pre-pandemic AUD status.

Remitted AUD,
Drinking (N: 231)

Remitted AUD, Not-
Drinking (N: 169)

51.7 60.2 50.3

15.8 82 77

77.6 88.3 88.8

10.1 7.8 6.5

493 (14.5) 55.7 (13.4) 63.8 (11.8)°
0 0 0

100.0° 0 0

0 100.0° 0

0 0 100.0°
22.0 (6.2) 21.1 (4.7) 23.4 (7.6)
5.3 (2.9) 43 (2.6) 8.1 (2.9)
23.3 (15.1) 19.4 (13.8) 29.8 (18.5)
154 (2.3) 15.9 (2.6) 15.7 (1.9)
335 (7.8) 37.2 (7.7) 29.8 (18.5)
3.5(1.8) 2.8 (1.7) 5.2 (1.9)
94.2 90.8 96.9

91.6 83.5 87.0

54.6 433 63.3

36.3 20.8 43.2

participants currently experiencing symptoms. In light of interest in the
alcohol research field of non-abstinent remission from AUD [20], we
retained ‘remitted drinkers’ and ‘remitted non-drinkers’ as separate groups
for analysis despite the relatively small sample size. These data were
missing for three participants, who were excluded from the current study’s
analyses.

COGA’s COVID-19 questionnaires included 33 COVID-19-related stress
and coping activities items. Assessment items covered perceived stresses,
social disconnection, relationship quality, COVID-19 illness in the
respondents and their family members (including prolonged hospitaliza-
tion or death due to COVID-19 illness), economic hardships resulting from
the pandemic (e.g., job loss, loss of household income, food insecurity),
and coping strategies as shown in Supplementary Table 1. In our full
analytic sample, the reliability of the items included in the COVID-19
questionnaires was good (Cronbach’s alpha: 0.82). To capture the shared
variance represented by these items and to reduce the multiple test
burden (i.e,, reduce the number of independent variables and accordingly
tests of association included in statistical models), each item in
Supplementary Table 1 was entered into an exploratory factor analysis.
Items were recoded such that higher values represented an endorsement
of each stressor or coping activity. Change in frequency of drunkenness
since the beginning of the COVID-19 pandemic was determined using a
retrospective question asking if/how current alcohol use differed from the
participant’s typical frequency of drunkenness prior to March 1, 2020
(“Compared to your [frequency of drunkenness] before the pandemic
began in March 2020, was this [the same, less, more]?”). Self-reported
changes in drunkenness were coded with possible values ranging from
less than pre-pandemic use (-1), no change in use (0), more than pre-
pandemic use (1).

Genotyping was performed using the lllumina 2.5M array, lllumina
OmniExpress, lllumina 1M array, or the Affymetrix Smokescreen array;
quality control and imputation have been previously described [42]. SNPs
with a genotyping rate <98% or that violated Hardy-Weinberg equilibrium
(p<107°), or with minor allele frequency (MAF) less than 3% were
excluded from analyses. Mendelian inconsistencies were removed, after
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which data were imputed to 1000 genomes (EUR and AFR, Phase 3, b37,
October 2014; build hg19) using SHAPEIT [43] and IMPUTE2 [44]. Following
imputation, genotype probabilities =0.90 were changed to genotypes.
Mendelian errors in the imputed SNPs were reviewed and resolved as
described previously [42]. SNPs with an imputation information score
<0.30 or MAF < 0.03 were excluded from subsequent analysis. Based on
1000genomesv3, principal components (PCs) derived from GWAS data
were used to ‘assign’ ancestry in the genotyped sample. We generated
polygenic risk scores (PRS) for problematic alcohol use from the largest
available GWAS meta-analysis (with COGA data removed) [45]. We
constructed PRS using PRS-CSx, which applies a Bayesian regression with
a continuous shrinkage parameter to GWAS summary statistics from
multiple populations simultaneously [46, 47]. PRS were computed
separately for each group of European ancestry and African ancestry
participants.

EEG recording and processing have been detailed previously [48].
Briefly, resting (eyes-closed) EEG was recorded for 4.25 min; a continuous
interval of 256 s was analyzed. Conventional Fourier transform methods
[49] were used to calculate coherence, and bipolar electrode pairs were
derived to reduce volume conduction effects. Posterior interhemispheric
(P4-02--P3-01) alpha band (7-12 Hz) coherence was used in the current
analyses based on prior studies demonstrating the relationship with AUD
[28-31]. Posterior alpha coherence was measured at least once since the
start of COGA data collection on 75.7% of the analytic subsample. For
individuals who had more than one EEG assessment, their most recent
assessment was used. Among the analytic sample (N: 1250), those with EEG
data and those without EEG data were similar in terms of frequency of
women, Black and Hispanic participants, but the EEG subsample was more
likely to be younger (p < 0.001).

Statistical analysis
Structural equation models in Mplus v8.5 were employed to examine the
main effects of nine COVID-19-related stress and healthy coping latent
factors (initially estimated in independent models) on change in
drunkenness frequency. Stratified analyses were conducted for those
without a prior history of AUD (0) and three groups of participants with a
lifetime history of AUD, including (1) those who were experiencing AUD
symptoms pre-pandemic, (2) those who were in remission from AUD and
drinking, and (3) those in remission and had not consumed alcohol at all
for 1+ years. Further, gender-stratified models were examined. Exploratory
models examined multiplicative interactions between COVID-19-related
stress and coping latent factors with problematic alcohol use PRS (z-score
standardized) and low alpha EEG interhemispheric coherence (z-score
standardized).

All models were adjusted for gender (in non-stratified models), self-
reported identification as Black and/or Hispanic, study site, age, age cohort
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(0: born from 1982 to 1993, 1: born 1973 or earlier), and in genomic
models, ancestral PCs1-3. For EEG coherence analyses, age at EEG
assessment was also included as a covariate. All cross-term interactions
(PRS*gender, COVID-19 latent factors*gender, COVID-19 latent factors*age,
etc) were included. All models were adjusted for familial clustering.
Models were run simultaneously (i.e., all intercorrelations among factors
accounted for), thus estimates are adjusted for all parameters and
standardized. Given multiple comparisons across models, a Bonferroni
correction adjusting for nine correlated latent factors across four groups
was applied (p<0.007). While primary and stratified models had
acceptable statistical power (alpha > 0.80), statistical power was weaker
for the interaction models, including PRS and EEG variables. This was the
primary reason we included these as ‘exploratory models’ that will require
replication in larger samples.

RESULTS

Descriptive characteristics of the analytic sample are displayed in
Table 1. Briefly, the average age of participants was 51; 62% were
women, 16% self-identified as Black, and 8% self-identified as
Hispanic (not mutually exclusive categories). Differences in
characteristics of each analytic group as a function of past AUD
history are depicted in Table 1. Individuals without a history of
AUD were more likely to be women and Black and had less severe
alcohol-related history and other substance use, compared to
individuals with a history of AUD (symptomatic or in remission)
and were younger compared only to abstinent individuals in
remission from AUD.

Increases in drunkenness frequency since the start of the
pandemic as a function of pre-pandemic AUD status are displayed
in Fig. 1. Increases in drunkenness frequency since the start of the
pandemic were significantly greater (p<0.001) among those
experiencing AUD symptoms prior to the start of the pandemic
(14% report increased frequency of drunkenness) when compared
to those without a history of AUD (5% report increased frequency
drunkenness). Among individuals in remission from AUD prior to
the start of the pandemic, rates of increased drunkenness were
10% for those who were drinking pre-pandemic and 4% for those
who had previously been abstinent. Across all groups, women
reported nominally greater increases in drunkenness frequency
when compared with men; however, only women experiencing
pre-pandemic AUD symptoms reported significantly greater
(p <0.001) rates of increased drunkenness since the start of the

—

all men women all men women

Remitted AUD-Abstinent
(N:169)

Remitted AUD-Drinking
(N:231)

AUD status prior to the COVID-19 pandemic

Fig. 1

Reported increases in drunkenness frequency by AUD status and sex. AUD alcohol use disorder. No past history of AUD: no lifetime

history. Current AUD Symptoms: have AUD symptoms at the time of COVID-19 assessments. Remitted AUD-Drinking: in remission with no
AUD symptoms besides craving but are drinking. Remitted AUD-Abstinent: in remission and have not consumed alcohol for 5+ years.
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Table 2.

Main effects of COVID-19 stress and coping factor scores on self-reported change in drunkenness frequency since the start of the pandemic

among COGA participants without and with a history of AUD, including individuals with current symptoms of AUD and in abstinent and non-
abstinent remission from AUD before the start of the COVID-19 pandemic.

No past AUD Current AUD
(N = 645) (N =606)
All beta p-value beta
Essential worker —0.04 0.032 —0.01
Perceived stress 0.06 0.033 0.12
Family member death —0.01 0.653 —0.03
Media consumption —0.07 0.003 —0.01
Economic hardships —0.01 0.610 0.01
Social disconnection 0.06 0.038 0.00
Relationship quality —0.05 0.054 —0.03
Healthy coping 0.01 0.658 —0.01
Female beta p-value beta
Essential worker —0.05 0.051 —0.03
Perceived stress 0.07 0.016 0.11
Family member death —0.02 0.446 0.00
Media consumption —0.07 0.011 —0.02
Economic hardships 0.01 0.850 0.03
Social disconnection 0.04 0.304 —0.06
Relationship quality —0.04 0.255 0.03
Healthy coping —0.01 0.839 —0.05
Male beta p-value beta
Essential worker —0.05 0.108 0.00
Perceived stress —0.04 0419 0.12
Family member death 0.01 0.722 —0.08
Media consumption —0.07 0.058 0.02
Economic hardships —0.05 0.108 —0.01
Social disconnection 0.09 0.043 0.05
Relationship quality —0.09 0.015 —0.04
Healthy coping 0.05 0.121 0.04

Remitted drinking Remitted nondrinking

(N=231) (N=169)
p-value beta p-value beta p-value
0.639 0.00 0.997 0.18 0.012
<0.001 0.17 <0.001 0.28 <0.0001
0.324 —0.04 0.351 —0.09 0.315
0.758 —0.02 0.664 0.15 0.046
0.777 0.06 0.217 0.01 0.802
0.960 0.08 0.212 0.08 0.404
0.395 —0.05 0.291 —0.09 0.187
0.725 0.03 0.494 —0.02 0.826
p-value beta p-value beta p-value
0.466 0.01 0.830 0.22 <0.001
0.046 0.11 0.132 0.45 <0.0001
0.912 —0.06 0.301 —0.12 0.248
0.623 0.05 0.405 0.23 <0.001
0.560 0.07 0.263 0.14 0.015
0.362 0.14 0.106 0.22 <0.01
0.502 —0.09 0.158 —0.01 0.882
0.390 0.05 0.377 0.02 0.782
p-value beta p-value beta p-value
0.957 0.01 0.881 —0.17 0.002
0.018 0.28 <0.0001 —0.11 0.025
0.088 —0.03 0.584 —0.19 0.015
0.638 —0.11 0.055 0.20 <0.0001
0.811 0.08 0.350 —0.08 0.021
0.381 0.01 0.910 0.06 0.594
0.504 —0.29 <0.0001 —0.07 0.315
0.391 0.06 0.370 0.12 0.013

All beta estimates are standardized (STDY); All models included the following covariates: sex, self-identification as Black, self-identification as Hispanic, life-
stage (0: ages 30-40; 1: ages 50+), ancestral PC 1-3, age of EEG assessment. Bolded estimates withstood Bonferroni correction (p < 0.01).

pandemic compared to women without a history of AUD
(17% vs. 5%).

To capture the shared variance represented by the 33 COVID-
19-related stress and coping activities items shown in Supple-
mentary Table 1 and to reduce the multiple test burden, each item
was entered into an exploratory factor analysis. While models
ranging from 7 to 11 factors all provided a good fit to the data
(Supplementary Tables 4-6), a 9-factor solution provided the best
balance of model fit and interpretability. To obtain factor scores,
we subsequently conducted a confirmatory factor analysis (CFA)
including 9 latent factors indexing COVID-19 related (1) iliness and
severity, (2) family member illness and death, (3) media
consumption, (4) perceived stress, (5) economic hardship, (6)
healthy coping activities, (7) relationship quality, (8) social
disconnection, and (9) essential worker status. Several of the
COVID-19-related factors were correlated (Supplementary Table 2);
among the most highly correlated factors were perceived stress
with social disconnection (0.51), media consumption (0.34), and
economic hardships (0.23). Essential worker status was also highly
correlated with COVID illness (0.45).

The main effects of COVID-19-related stress and healthy coping
latent factors on change in drunkenness frequency are displayed
in Table 2 and Fig. 2. Note, Fig. 2 depicts group-level change in
terms of participants who reported that their frequency of
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drunkenness has increased or decreased since the start of the
pandemic. Among those without a prior history of AUD,
associations between COVID-19 risk and protective factors with
increases in drunkenness frequency were not observed. Among all
groups with a history of AUD (including those with pre-pandemic
AUD symptoms and those remitted from AUD), perceived stress
was associated with increases in drunkenness. Among the
remitted-abstinent group, essential worker status was associated
with increases in drunkenness.

Gender differences in these associations were observed
(Table 2, Fig. 3). Among women in the remitted-abstinent group,
essential worker status, perceived stress, media consumption, and
social disconnection were associated with increases in drunken-
ness. Among men in the remitted-drinking group, perceived stress
was associated with increases in drunkenness, and increased
relationship quality was associated with decreases in drunkenness.

Exploratory analyses examining whether polygenic risk for
‘problematic alcohol use’ and/or low alpha EEG interhemispheric
coherence moderate the associations of the COVID-19 factors and
changes in drunkenness are presented in Supplementary Table 3.
Exploratory analyses indicated that associations between family
illness or death with increases in drunkenness and increased
relationship quality with decreases in drunkenness were more
pronounced among the remitted-drinking participants with higher
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Fig. 2 Risk and protective factors associated with reported changes in drunkenness frequency since March 2020 among COGA
participants by pre-pandemic AUD status. The primary outcome variable used in the analytic models was determined using a retrospective
question asking if/how current alcohol use differed from the participant’s typical frequency of drunkenness prior to March 1, 2020 (“Compared
to your [frequency of drunkenness] before the pandemic began in March 2020, was this: [the same, less, more]?”). This was recomputed to
represent whether the participant’s frequency of drunkenness was reduced from pre-pandemic levels (—1), the same as pre-pandemic levels
(0), or increased from pre-pandemic levels (1). This figure depicts group-level “change” in terms of increased frequency of drunkenness since
the beginning of the pandemic (beta coefficients ranging from 0 to 0.30, right-hand side of the figure) or decreased frequency of drunkenness
since the beginning of the pandemic (beta coefficients ranging from 0 to —0.30, left-hand side of the figure).

Men Women

m

O Remitted Nondrinking

@ Remitted Drinking
Healthy Copin
y Loping M Current AUD

ONo Past AUD

Realtionship Quality 0:268

-
0.219
Social Disconnection

—

.
[ Joaoo= F 0234

Economic Hardships

Media Consumption

Family Member Death

=,

e
] 0.448

%

*
0.279

Perceived Stress

Essential Worker

e

HHH Iﬂﬂﬂ nHHﬂJlT

[
-
Fl 0215

Fig.3 Risk and protective factors associated with reported increases in drunkenness frequency since March 2020 among COGA men and
women, by pre-pandemic AUD status. The primary outcome variable used in the analytic models was determined using a retrospective
question asking if/how current alcohol use differed from the participant’s typical frequency of drunkenness prior to March 1, 2020 (“Compared
to your [frequency of drunkenness] before the pandemic began in March 2020, was this: [the same, less, more]?”). This was recomputed to
represent whether the participant’s frequency of drunkenness was reduced from pre-pandemic levels (—1), the same as pre-pandemic levels
(0), or increased from pre-pandemic levels (1). This figure depicts group-level “change” in terms of increased frequency of drunkenness since
the beginning of the pandemic (beta coefficients ranging from 0 to 0.50, right-hand side of the figure) or decreased frequency of drunkenness
since the beginning of the pandemic (beta coefficients ranging from 0 to —0.30, left-hand side of the figure).
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PRS. Associations between family illness or death, media consumption,
and economic hardships with increases in drunkenness and healthy
coping with decreases in drunkenness were more pronounced
among the remitted-abstinent group with lower interhemispheric
alpha EEG connectivity. No main effects of PRS or neural connectivity
on COVID-19 drinking outcomes were observed.

DISCUSSION

In this study, we examined the association of COVID-19-related
stress and healthy coping activities with changes in drunkenness
frequency since the start of the COVID-19 pandemic among
participants with and without a history of AUD, including those
experiencing symptoms and those in remission from AUD prior to
the pandemic. Our results demonstrated that compared to those
without a lifetime history of AUD, non-remitted individuals with a
history of AUD reported greater increases in drunkenness
frequency since the start of the COVID-19 pandemic; however,
this difference was not observed among those who had been in
remission from their AUD, regardless of their drinking status.
COVID-19-related stressors and coping activities were associated
with changes in the frequency of drunkenness among participants
with symptoms of AUD and in both abstinent and non-abstinent
participants in remission prior to the pandemic, but not among
individuals without a past history of AUD. Among all groups with a
history of AUD (including those with AUD symptoms and those
remitted from AUD at the start of the pandemic), perceived stress
was associated with increases in drunkenness. Among the
remitted-abstinent group, essential worker status was associated
with increases in drunkenness. These findings suggest that these
may be specific areas of focus for designing intervention and
prevention strategies aimed at reducing pandemic-related alcohol
misuse among this particularly vulnerable group. Further, these
findings support prior literature that demonstrates that wide-
spread stressors (e.g., pandemics, terrorist attacks) disproportio-
nately impact the alcohol use and mental health of those with a
prior history of problems.

Significant main effects of COVID-19-related stressors and
coping activities on changes in drunkenness were not observed
among those without a history of AUD but were among those with
a history of AUD, indicating that they may be more vulnerable to
pandemic stress-related alcohol misuse. Specifically, among those
with past AUD, perceived stress was associated with increases in
drunkenness. Among the remitted-abstinent group, essential
worker status was associated with increases in drunkenness. There
are many potential explanations for why individuals with a history
of AUD may be at increased risk for alcohol use following the
stressful period that has encompassed the COVID-19 pandemic [7,
50-52], including facing a variety of stressful experiences related
to the pandemic itself (i.e., serving as a frontline healthcare
worker), sensitization by prior traumatic or stressful events (i.e.,
stress sensitization), genetic, and/or neural vulnerabilities. Previous
work in COGA and other studies has also shown that many forms
of stress (i.e., traumatic life events, SARS epidemic, 9/11 terrorist
attacks) are associated with risks for alcohol misuse and problems
[53-56], particularly among vulnerable individuals. Some studies
examining mechanisms involved in increased stress and recur-
rence of AUD found an increased likelihood of cravings the
evening following a stressful event and an increased likelihood of
drinking the day after. Interestingly, these studies found that there
is a protective effect for the length of time in recovery.
Importantly, previous work has also shown that dimensions of
interpersonal and social connections (i.e., romantic relationships,
parent-child relationships, peer relationships, social support from
religious communities) are associated with protection from
alcohol misuse and problems [53-56]. Our findings also demon-
strated that, among remitted-abstinent men, relationship quality
with family and friends was related to decreases in drunkenness.
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Further, social disconnection was related to increases in drunken-
ness among remitted-abstinent women. Other studies have found
that while general social support does not appear to be a
protective factor against recurrence of AUD, positive familial and
close relationship support does help to maintain good long-term
AUD outcomes [57]. We note above that increases in the
frequency of drunkenness were not observed for those without
a history of AUD. Social events and celebrations have historically
provided one setting in which individuals consume alcohol [58].
Given the pandemic’s interruption of these activities, this may
provide one possible explanation for why those without a history
of AUD did not increase their alcohol consumption during the
pandemic, despite reporting  stressful COVID-19-related
experiences.

Gender differences were observed in both the change in
frequency of drunkenness during the pandemic and the specific
risk and protective factors associated with these increases. In the
present study, women with AUD symptoms were more likely to
report increases in drunkenness frequency since the start of the
pandemic compared to women without a history of AUD. This was
not observed for men. Interestingly, previous studies show that
while there is an association between stress and increased alcohol
consumption in both men and women, the same stressful life
events may impact them differently [59, 60], with relapse to AUD
more commonly reported in women than in men [33, 34, 61-64].
In addition to the increased drunkenness frequency observed
among women with current AUD, the present study also found
essential worker status, perceived stress, and media consumption
were associated with increases in drunkenness among (remitted-
abstinent) women, whereas perceived stress was associated with
increases in drunkenness among (remitted-drinking) men. Further,
social disconnection was associated with increases in drunkenness
among (remitted-abstinent) women, whereas relationship quality
was associated with decreases in drunkenness in (remitted-
drinking) men. Past research on individuals with a history of
AUD outside the context of the pandemic has found that gender
differences regarding risk for recurrence of AUD are related to
differential exposure to stressors, interpersonal relationships, and
social isolation [21-23]. While this past research generally suggests
that women may be more vulnerable to social/relationship stress-
related drinking, our findings are less straightforward. Our
interpretation of the current study findings is that both men
and women in remission from AUD were vulnerable to the social-
relationship consequences of the pandemic. It seems that they
were most vulnerable to different aspects of these social-
relationship consequences; for men increased relationship quality
(i.e., "How has the quality of the relationship between you and
members of your family changed?” “How has the quality of your
relationships with your friends changed?”) was associated with
decreases in drunkenness, whereas for women, decreased social
connections (i.e., living alone, significantly decreased access to
non-family social support, contacts outside the home significantly
decreased, severely disrupted school/work/extracurricular rou-
tines) were associated with increases in drunkenness.

Several lines of evidence from gene x environment interaction
(GXE) studies have shown that genetic risk factors moderate the
associations of traumatic exposures with alcohol use behaviors.
The current study supports and extends this research in
demonstrating that polygenic risk for problematic alcohol use
amplifies the association of COVID-19-related stressors (family
death or illness) and increases in drunkenness and protective
factors (relationship quality) with decreases in drunkenness
among remitted individuals of European ancestry. These findings
may be limited given the current methodological challenges
applying genetic findings resulting from discovery samples of
largely European ancestry to diverse populations, such as COGA’s
lifespan study. While research examining the influence of
interactions between neural risk factors and traumatic stress on
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substance use behaviors is less common, our prior research in
COGA has demonstrated that neurophysiological and neurocog-
nitive risk factors also amplify the association of traumatic stress
on alcohol use behaviors [35, 65]. The current study extends this
work by suggesting that low interhemispheric alpha EEG
coherence amplifies the association of COVID-19-related stress
(family death or illness, media consumption, and economic
hardships) with increases in drunkenness, and COVID-19-related
protective factors (healthy coping strategies) with decreases in
drunkenness since the start of the pandemic. However, we note
that these exploratory interaction effects need replication in larger
samples. Importantly, among COGA participants ages 50-90,
assessments of coherence could have occurred as long as 30 years
prior to COVID-19 questionnaire data, which is likely to have an
impact on these findings.

Limitations. The limitations of this study include a reliance on
self-reported changes in drunkenness frequency, which are
particularly relevant given the documented relationship between
alcohol misuse and memory impairments [66]. Further, there is
potential for a lack of generalizability of our study’s findings,
particularly with respect to age, given that the mean age of the
analytic sample was ~51 years old, and individuals who had
remitted from AUD were older (remitted AUD, drinking group ~56
years old; remitted AUD, not-drinking group ~64 years old) than
individuals with no past AUD (~50 years old) or with current
symptoms of AUD (~49 years old). Future work should include
more detailed subgroup analyses, including the identification of
key stressors and healthy coping activities as a function of age
and developmental stage, timing of lockdowns, seasonality,
pandemic duration, and ethnicity. The CRISIS and ABCD ques-
tionnaires were initially selected to assess COVID-19-related
stressors, coping and substance use. Among these questionnaire
items, there were two items focused on alcohol use (changes in
drinking frequency, changes in drunkenness frequency). We
focused on changes in the frequency of drunkenness (vs.
frequency of drinking) to get closer to the more ‘problematic’
use of alcohol. The data included in this manuscript is a ‘baseline’
assessment (May 2020-February 2021) of a longitudinal study
designed to assess more nuanced aspects of alcohol use and
misuse, including more comprehensive measures of drinking and
drinking problems with a more precise description of time-
periods to improve recall (e.g., AUDIT-P), assessed at three
timepoints throughout the course of the pandemic. Thus, more
detailed and objective measures of alcohol use and problems will
be evaluated in future studies. In our full analytic sample, the
reliability of the items included in the COVID-19 questionnaires
was good (Cronbach’s alpha: 0.82). However, we will continue to
monitor psychometric properties and conduct tests by AUD
status, gender, age and ethnicity as the sample grows. Finally, in
both the overall and gender-stratified analyses, change in
drunkenness frequency among remitted-abstinent individuals
was particularly affected by COVID risk and protective factors. We
note that this group is significantly older and has a more severe
alcohol-related history compared to other participants with a past
AUD (Table 1). Both age and AUD severity likely have impacts on
the associations of drunkenness with COVID risk and protective
factors and should be explored in future studies.

In conclusion, this study has demonstrated that COVID-19-
related stressors were associated with increased drunkenness
frequency among COGA participants with a lifetime history of
AUD, suggesting that they may be especially vulnerable to some
stressors. Furthermore, this study revealed important gender
differences in vulnerability to COVID-19-related stressors among
those with a history of AUD. Perceived stress, essential worker status,
media consumption, social disconnection, and relationship quality
are specific areas of focus for designing intervention and
prevention strategies aimed at reducing pandemic-related
substance abuse.
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