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Abstract
Aims: To examine the association between alcohol consumption and mental health during the COVID-19 pandemic.

Methods: An anonymous online survey was distributed among US adults during May-August 2020 through social networks and ResearchMatch.
We collected information on demographic, lifestyles and mental health symptoms including anxiety, depression, stress and post-traumatic stress
disorder. Logistic regression models were used to examine the cross-sectional association between alcohol consumption and mental health
symptoms. We also examined effect modification by race, age, gender, social support, financial insecurity and quarantine status.

Results: The analytical sample consists of 3623 adults. Stable drinking habits and regular drinking behaviors were found to co-exist with better
mental health status. Participants who increased their alcohol use had higher odds of developing mental health disorders than those who
maintained their pre-pandemic drinking habits. Additionally, participants who engaged in binge drinking during the pandemic had higher odds of
depression and stress than those who did not. The associations regarding increased drinking and binge drinking in relation to adverse mental
health outcomes were stronger among females, racial minorities, and individuals with financial concerns, poor social support and restricted
quarantine status than their counterparts.

Conclusions: During the early stage of the COVID-19 pandemic, increased alcohol use and binge drinking are cross-sectionally associated with
higher odds of mental health disorders, which highlighted the need for targeted intervention to address the mental health needs of individuals

who have engaged in these behaviors, especially among females, minorities, those with insecurities or with restricted quarantine status.

BACKGROUND

Emerging evidence suggests that alcohol use increased during
the COVID-19 pandemic (WHO, 2020). US adults had 0.74
more days per month consuming alcohol from May to June
2020 compared with the same time in 2019 (Pollard et al.,
2020). US alcohol sales also increased by 34% in the early
stage of the pandemic compared with the same period in the
year before (Lee et al. 2021).

Given the health risks and economic challenges, the pan-
demic increases the prevalence of early-onset mental health
problems and exacerbates preexisting mental health condi-
tions. The pandemic witnesses a global estimated prevalence
of 27% for anxiety, 28% for depression, 37% for stress and
24% for post-traumatic stress disorder (PTSD) symptoms
(Nochaiwong et al., 2021). These rates are approximately
two times higher than the 2019 US pre-pandemic rates of

15.6% for anxiety (Terlizzi and Villarroel, 2020) and 18.5%
for depression (Villarroel and Terlizzi, 2020). Additionally,
a study observed a 10-fold increase in PTSD, which had an
annual estimated prevalence of 3.6% among US adults before
the pandemic (Kessler et al., 2005).

Alcohol misuse has been hypothesised to be associated
with several different psychiatric disorders such as stressed,
loneliness and hopelessness (Thompson et al., 2021). The
COVID-19 pandemic has also had profound economic effects
and has exaggerated existing inequities. Previous research has
highlighted the impact of social determinants in the context
of alcohol consumption, alcohol-related harm and mental
health outcomes (Probst er al., 2020), and these inequities
may intensify the social susceptibility of certain populations
to mental health problems during the pandemic.

Several studies have investigated the association between
alcohol use and mental health during the pandemic, but
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results have been inconsistent (Lechner et al., 2020; Smith
et al.,2020; Greenberg et al., 2021); besides, few studies have
examined drinking patterns comprehensively. Our study aims
to investigate the association of four dimensions of drinking
patterns with mental health disorders during the pandemic,
while also considering potential effect modifiers including
race/ethnicity, age, gender, financial concerns, social support
and stay-at-home status, as social determinants can affect
an individual’s response when coping with both financial
and psychological challenges. We hypothesised that changes
in alcohol use habits and the adoption of varying drinking
patterns, as the COVID-19 pandemic present different mental
health outcomes and that these associations can be influenced
by social determinants.

METHOD

We conducted a cross-sectional study utilising an online
survey over the REDCap platform (Nashville, TN) distributed
via various social media networks (e.g. Facebook, Twitter)
and ResearchMatch between May 13 and August 25,
2020, among adults aged >18 years residing in the USA.
We received responses from the 3952 participants and
collected their socio-demographic information such as age,
gender, race, employment status, social support, financial
insecurities, COVID-19 infection and quarantine status,
behavioral changes and current patterns and mental health
(Zhu et al., 2021). This study was reviewed and approved by
the Institutional Review Board of the University at Buffalo.

Exposu re assessment

Self-reported measures of alcohol consumption were obtained
from four questions: (i) drinking frequency during the pan-
demic, classified as ‘never drink’, ‘once a month or less’, 22—
4 times a month’, 2-3 times a week’ and ‘4 or more times a
week’; (ii) drinking amount per occasion among alcohol users,
classified as 1-2 drink, 3—4 drinks, 5-6 drinks, 7-9 drinks
and 10 drinks or more; (iii) change in alcohol consumption
since the COVID-19 pandemic (options included ‘increased,’
‘decreased’ and ‘no change’), and ‘non-drinkers’ were sepa-
rated from ‘no change’ in (i); and (iv) binge drinking frequency
(defined as drinking >6 drinks at one occasion), classified as
‘never’, ‘less than monthly’; ‘monthly’, ‘weekly’ and ‘daily or
almost daily’. Monthly alcohol consumption was determined
by calculating the product of drinking frequency and drinking
amount per occasion, and was classified as ‘never drink’,
‘less than 10 drinks per month’ and ‘10 drinks or more per
month’.

Mental health assessment

Self-reported symptoms of anxiety, depression, stress and
PTSD by participants were obtained. Measures of anxiety
symptoms were assessed through the Generalized Anxiety
Disorder Scale-7 items (GAD-7; Spitzer et al., 2006). GAD-
7 includes seven behavioral items that detect the frequency of
anxiety symptoms in the past two weeks. Respondents were
given four options scored as 0 (not at all), 1 (several days),
2 (over half the days) and 3 (nearly every day), resulting in a
possible summed score from 0 to 21. Measures of depression
among participants were classified using the Patient Health
Questionnaire-9 items (PHQ-9; Kroenke et al.,2001). PHQ-9
consists of nine behavioral indicators, scoring the frequency
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of depression symptoms (identical scores as GAD-7) over the
past 2 weeks between scores of 0 and 27. On the GAD-7
and PHQ-9 scales, scores of >10 were defined as moderate
to severe anxiety and depression, respectively. Stress levels
were measured by the Perceived Stress Scale-4 items (PSS-4;
Cohen et al., 1983). PSS-4 contains 4 elements scored as 0
(not at all), 1 (almost never), 2 (sometimes), 3 (fairly often)
and 4 (very often), with a summed score ranging from 0 to
16, and a total score > 6 was classified as medium or high
for stress symptoms. PTSD was measured using the primary
care PTSD screen (PC-PTSD). PC-PTSD consists of four items
in a dichotomous response format (yes/no) inquiring whether
respondents have experienced symptoms of PTSD in the past
month. A total score>3 on the PC-PTSD scale (meaning
respondents answered ‘yes’ for three or more items) was
classified as positive for PTSD symptoms. We used the afore-
mentioned cut-off points dividing the mental health status into
dichotomised variables as none/mild and moderate/severe,
and some studies have validated their accuracy, including
anxiety (Mughal et al., 2020), depression (Volker et al.,2016),
stress (Cohen et al., 1983) and PTSD (Prins et al., 2003).

Data analyses

All descriptive and statistical analyses were performed with
SAS version 9.4 (SAS Institute Inc., Cary, NC). Participants
with incomplete data on alcohol drinking or mental health
symptoms were excluded from the final analytical sample. We
described the distribution of demographic and socioeconomic
characteristics of participants according to the presence of
mental health symptoms and alcohol drinking patterns. Chi-
square tests were used to examine the group differences in
distribution, and the differences were deemed statistically
significant at P-value < 0.05. Multivariable logistic regression
models were used to investigate the association of alcohol
drinking behaviors including changes in alcohol consumption,
changes in alcohol consumption among drinkers, frequency
of alcohol drinking, monthly drinking amount and frequency
of binge drinking with mental health symptoms. Age, gen-
der, race/ethnicity, education level, family income, COVID-19
infection history, smoking status, marital status, employment
and quarantine status were identified as potential confounders
based on previous literature that suggested the associations
with both alcohol drinking and mental health status (Lo
and Cheng, 2018; Subbaraman et al., 2020). Furthermore, to
identify potential effect modifiers in the association between
alcohol consumption and adverse mental health symptoms,
we stratified the associations regarding factors associated
with adverse mental health symptoms by race, age, gender
social support, financial insecurity and quarantine status; in
addition, the interaction terms between the aforementioned
factors and the potential effect modifiers were included in cor-
responding logistic models, and the interaction was deemed
statistically significant at P-value < 0.10.

RESULT

After excluding observations with incomplete data on alcohol
consumption and mental health symptoms, 3623 individuals
were included in the final analytical sample. The prevalence
of anxiety (22.7%), depression (26.7%), stress (51.0%) and
PTSD (21.8%) symptoms was identified from May to August
2020 when the ‘stay-at-home’ policy was issued for at least
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2 months. Participants’ characteristics are summarised in
Table 1. Features including female, employed, worried about
money, insurance, or food and grocery items, with COVID-19
infection history, currently smoking and restricted quarantine
status due to recommendation or exposure were observed
to be associated with mental health disorders. Meanwhile,
characteristics including being elderly, non-Hispanic white,
higher education level, higher household income (>$74,999),
married and living together with the significant other were
observed to be associated with less likelihood of mental health
disorder.

The supplementary table presents the distribution of
characteristics by drinking patterns since the pandemic.
Compared with drinking habits before the pandemic, 8.0%
of participants reported a decrease in alcohol consumption,
41.1% did not change their drinking habits, 22.8% increased
their alcohol consumption and 28.2% remained non-drinkers.
Characteristics including being female, middle-aged (31—
60 years old), Hispanic/Latino, more educated, employed
and with more household income (> $150,000 annually)
were observed to be associated with increased alcohol
consumption. During the pandemic, 35.1% of participants
drank one or more times per week and 17.0% of participants
had ever binge drunk (> 6 drinks on one occasion) weekly or
more frequently. Individuals without any financial concerns
tended to drink more often, compared with people who were
worried about money, food & grocery items or insurance (all
P <0.01). However, people who had worries about money or
insurance were more likely to binge drink than those who did
not (both P <0.01).

Multivariable logistic regression models were conducted to
investigate the association between alcohol consumption and
mental health symptoms (Table 2). Compared with abstain-
ers, drinkers who did not change their drinking habits dur-
ing the pandemic had significantly lower odds of having
anxiety (odds ratio [OR]=0.77, 95% confidence interval
[CI]: 0.63-0.95), depression (OR = 0.72, 95% CI: 0.59-0.88),
stress (OR =0.78,95% CI: 0.66-0.93) and PTSD (OR =0.73,
95% CI: 0.59-0.90). Meanwhile, those who increased their
consumption level had higher odds of PTSD (OR=1.28,
95% CI: 1.02-1.61). After excluding abstainers, compared
with participants who did not change their drinking habits
since the COVID-19 pandemic, participants who increased
their alcohol consumption had higher odds of having anxi-
ety (OR=1.58,95% CI: 1.27-1.96), depression (OR =1.48,
95% CI: 1.20-1.82), stress (OR = 1.46, 95% CI: 1.22-1.75)
and PTSD (OR =1.79, 95% CI: 1.49-2.22). Compared with
people who never drank during the pandemic, individuals
who drank had lower odds of all mental health symptoms,
and the odds decreased with increased frequency and monthly
drinking dose. Specifically, individuals who drank weekly or
more often and individuals who drank 10 drinks or more
per month had significantly lower odds of depression, with
ORs of 0.74 (95%: 0.61-0.91) and 0.75 (95%: 0.62-0.92),
respectively. On the other hand, for binge drinkers, there was
not the same decrease in the odds of symptoms. Compared
with the individuals who did not ever binge drink during the
COVID-19 pandemic, individuals who did had higher odds
of reporting depression (OR=1.3, 95%CI: 1.06-1.59) and
stress (OR =1.28,95% CI: 1.06-1.54).

As we observed positive associations of increased alco-
hol use and binge drinking with mental health disorder, we
stratified their associations by social determinants in order

to identify factors modifying these associations, as shown in
Tables 3 and 4, and visualised in Fig. 1.

Table 3 presents the stratified associations between increased
alcohol consumption and mental health symptoms by gender,
age, race, social support, financial concerns and the stay-at-
home status during the pandemic, compared with drinkers
who did not change their alcohol consumption. Significant
interaction terms (P for interaction<0.10) were observed after
stratifying the associations by race and worries about money.
Specifically, racial minorities had a higher OR of increased
alcohol consumption with stress symptoms (OR=3.01,
95% CI: 1.33, 6.82), compared with non-Hispanic Whites
(OR=1.48, 95% CI: 1.21, 1.80); participants who were
worried about money had a higher OR (OR=1.59, 95%
CIL: 1.20, 2.12), compared with those without worries about
money (OR: 1.26,95% CI: 0.98, 1.62). Further, the estimated
ORs of staying at home due to exposure were higher than
other restriction status, although the associations were not
statistically significant due to small sample sizes (N for no
change vs. N for increased = 85 vs. 32).

Same set of stratifications were applied to the associa-
tion between binge drinking and mental health symptoms,
as shown in Table 4. Significant interaction terms (P for
interaction<0.10) were observed after stratifying the asso-
ciations by gender, worries about money, insurance or food
& grocery items. For example, females had higher ORs of
1.38 (95% CI: 1.10, 1.73) and 1.29 (95% CI: 1.04, 1.60)
for depression and PTSD, respectively, than males with cor-
responding OR =0.91 (95% CI: 0.58, 1.42) and OR=1.25
(95% CI: 0.98, 1.48); participants who were worried about
food and grocery items had higher OR=1.39 (95% CI:
1.03, 1.90) for anxiety than those who were not (OR = 0.89,
95% CI: 0.66, 1.19). Moreover, the significant associations
regarding binge drinking in relation to depression and PTSD
disorders only exist among those who reported poor social
support; participants who went to work/school sometimes
had negative although not significant associations between
binge drinking and mental health.

DISCUSSION

To the best of our knowledge, among the limited studies
examining the association between alcohol consumption and
mental health during the COVID-19 pandemic, this study
has the most comprehensive assessment of drinking patterns
and is the first study examining their association with four
clinically prevalent mental health disorders among the US
population. Further, stratified analyses by social determinants
identified the most vulnerable groups for mental health symp-
toms, including females, racial minorities and individuals with
poor social support, financial concerns and restricted stay-at-
home status.

In this study, we found that compared with abstainers,
individuals who maintained their drinking habits during
the COVID-19 pandemic had better mental health status,
while increased alcohol consumption was associated with
poorer mental health. In another study conducted during
the pandemic, the positive association of adverse mental
health outcomes with increased alcohol consumption was
also observed in a UK population sample (Jacob et al., 2021).
As for the consumption frequency, additionally, we found
that weekly drinkers or drinkers who monthly consumed 10
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Table 3. Stratified association between increased alcohol drinking behavior (N =837) after COVID-19 pandemic and mental health symptoms compared

with stable drinking behaviors (N =1478)

Anxiety Depression Stress PTSD

Age?
<30 1.34 (0.79,2.27) 2.18 (1.25,3.78) 1.86 (1.06, 3.25) 1.74 (1.01,2.98)
30-59 1.55 (1.19, 2.00) 1.21 (0.94, 1.56) 1.49 (1.18, 1.88) 1.66 (1.28,2.16)
>60 1.26 (0.76,2.10) 1.35(0.86,2.12) 1.11 (0.81, 1.53) 2.06 (1.30, 3.25)
P for interaction 0.4192 0.4184 0.1733 0.9616

Gender?
Male 1.79 (0.99, 3.22) 1.9 (1.09, 3.30) 1.23 (0.80, 1.90) 1.54 (0.83,2.86)
Female 1.55(1.23,1.96) 1.44 (1.14,1.81) 1.55(1.27,1.89) 1.90 (1.51,2.40)
P for interaction 0.7684 0.5267 0.3189 0.2511

Race?

Non-Hispanic White
Other
P for interaction
Social support®
Moderate to strong
Poor
P for interaction
Worry about money®
Not worried at all
A little bit or extremely worried
P for interaction
Worry about insurance®
Not worried at all
A little bit or extremely worried
P for interaction
Worry about food and grocery items®
Not worried at all
A little bit or extremely worried
P for interaction

1.59 (1.25,2.01)
4.5 (1.37, 14.80)
0.3349

1.69 (1.17, 2.46)
1.45 (1.12, 1.89)
0.4553

1.39 (0.96, 2.01)
1.57 (1.19, 2.06)
0.9925

1.41 (1.06, 1.87)
1.60 (1.15, 2.24)
0.9689

1.31 (0.97, 1.76)
1.7 (1.23, 2.36)
0.4123

1.46 (1.15, 1.84)
2.35(0.91, 6.08)
0.6237

1.6 (1.12,2.28)
1.30 (1.01, 1.68)
0.5218

1.11 (0.78, 1.58)
1.48 (1.14, 1.94)
0.3615

1.17 (0.89, 1.54)
1.65 (1.19, 2.28)
0.2434

1.04 (0.78, 1.37)
1.86 (1.35, 2.56)
0.0256P

1.48 (1.21, 1.80)
3.01 (1.33, 6.82)
0.0871P

1.52 (1.08, 2.13)
1.40 (1.13, 1.73)
0.4871

1.26 (0.98, 1.62)
1.59 (1.20, 2.12)
0.1874

1.26 (1.02, 1.56)
1.79 (1.26, 2.55)
0.1189

1.28 (1.03, 1.59)
1.79 (1.26, 2.53)
0.1415

1.87 (1.48, 2.36)
2.57(0.96, 6.86)
0.3794

1.44 (0.97,2.13)
1.91 (1.49, 2.46)
0.3646

1.70 (1.21, 2.38)
1.74 (1.31, 2.30)
0.7738

1.67 (1.26,2.21)
1.84 (1.31,2.57)
0.6496

1.63 (1.23,2.17)
1.92 (1.37, 2.68)
0.5342

Stay-at-home statusd
No restriction; went to work/school regularly  1.25 (0.69, 2.25)
Stayed at home most of the time but went to  1.31 (0.74, 2.3)
work/school sometimes
Stayed at home for work/school because of
the recommendations
Stay at home due to exposure
P for interaction 0.6420

1.63 (1.25,2.14)

3.55(0.83,15.22)

1.87 (1.04, 3.37)
1.05 (0.59, 1.85)

1.51 (0.94, 2.42)
1.17 (0.77, 1.79)

1.83 (1.01, 3.33)
1.49 (0.88,2.52)
1.46 (1.12, 1.90) 1.5 (1.19, 1.89) 1.82 (1.39, 2.39)
2.99(0.77,11.66) 3.2 (0.85,12.10) 3.15 (0.95, 10.39)
0.3921 0.5372 0.844

Bolded ORs are significant at the alpha level of 0.05. *Model adjusted for age (if age is not stratified), gender (if gender is not stratified), race (if race is not
stratified), education, income, COVID-19 infection history, smoking status and employment status bP for interaction <0.10 Model adjusted for age, gender,
race, COVID-19 infection history and smoking status 9Model adjusted for age, gender, race, education, income, smoking status and employment status

drinks or more had a significantly lower risk of depressive
symptoms than non-drinkers, in line with the findings of
another study that identified a decreased risk of depression
symptoms among mild alcohol users compared with non-
drinkers (Kim et al. 2021).

Our study also found that moderate alcohol consumption
but not at the binge drinking level was associated with bet-
ter mental health, whereas binge drinking over the course
of the pandemic was associated with worse mental health
symptoms, especially for depression and stress. A study con-
sistent with our results suggested drinkers without alcohol
abuse or dependence disorder have less severe depression
and anxiety symptoms compared with non-drinkers (Zhong
et al., 2019). On the other hand, the relationship between
excessive drinking and adverse mental health performance
has also been established in previous studies. For instance,
alcohol use disorder is found to be comorbid with anxiety
(Boschloo et al., 2012; Grant et al., 2015), depression (Boden
& Fergusson 2011; Fergusson et al., 2009; Obeid et al., 2020),
stress (Wemm et al., 2019; Zilberman et al., 2019; Mereish
and Miranda, 2021) and PTSD (Lebeaut et al., 2020; Paltell
et al., 2020; Tripp et al., 2020).

This is the first study to identify groups with stronger asso-
ciations of alcohol consumption with mental health outcomes.
Our study findings suggested that the associations between
alcohol consumption behaviors and mental health issues vary
by socioeconomic status and lifestyle changes during the
pandemic. The positive associations between increased alco-
hol consumption since the COVID-19 pandemic and mental
health disorders were stronger among racial minorities, those
with worries about food and grocery items and those who
stayed at home for work/school because of recommendations.
The positive associations between binge drinking and mental
health issues were stronger among females, those with poor
social support and those who were worried about money,
insurance or food and grocery items than their counterparts.
These results suggested that differentiated COVID-19 impacts
channeled through social determinants of health may even
exacerbate the systematic disparities in public health. Existing
studies have revealed that during the COVID-19 pandemic,
those who are females, living in rural locations, experiencing
loneliness, having a history of hospitalisation or had lost a
job are more likely to experience adverse mental health symp-
toms (Kantor & Kantor, 2020; Wu et al., 2021). During the
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Table 4. Stratified association between binge drinking during COVID-19 pandemic and mental health symptoms

Anxiety Depression Stress PTSD

Age?
<30 1.4 (0.92,2.14) 1.32 (0.86, 2.03) 0.95 (0.61, 1.46) 1.04 (0.67, 1.63)
30-59 1.04 (0.81, 1.34) 1.21 (0.95, 1.54) 1.15 (0.90, 1.48) 1.46 (1.16, 1.84)
>60 1.16 (0.66, 2.04) 1.54 (0.97, 2.43) 0.72 (0.38, 1.36) 1.13 (0.78, 1.64)
P for interaction 0.3617 0.6686 0.2816 0.6464

Gender?
Male 0.95 (0.59, 1.54) 0.91 (0.58, 1.42) 0.49 (0.27, 0.86) 1.25 (0.86,1.81)
Female 1.17 (0.92,1.47) 1.38 (1.10, 1.73) 1.28 (1.02, 1.61) 1.29 (1.04, 1.6)
P for interaction 0.5381 0.0551P 0.7515 0.0006"

Race?

Non-Hispanic White 1.1 (0.87,1.38)
Other 1.39 (0.43, 4.52)
P for interaction 0.8285

Social support®
Moderate to strong 1.08 (0.84, 1.38)
Poor 1.15 (0.80, 1.65)
P for interaction 0.5952

Worry about money*©
Not worried at all
A little bit or
extremely worried

0.87 (0.60, 1.26)
1.18 (0.91, 1.52)
P for interaction 0.2660
Worry about insurance®
Not worried at all
A little bit or
extremely worried
P for interaction
Worry about food and grocery items®
Not worried at all
A little bit or
extremely worried
P for interaction

0.84 (0.63,1.13)
1.29 (0.95, 1.76)

0.0794°

0.89 (0.66, 1.19)
1.39 (1.03, 1.9)

0.0848"
Stay-at-home statusd

No restriction; went 0.94 (0.55,1.59)
to work/school
regularly
Stayed at home most
of the time but went
to work/school
sometimes
Stayed at home for
work/school because
of the
recommendations
Stay at home due to
exposure
P for interaction

0.76 (0.44, 1.32)

1.28 (0.98,1.68)

0.92 (0.32, 2.64)

0.3932

1.27 (1.02, 1.59) 0.98 (0.78, 1.24) 1.21 (0.98,1.48)

1.74 (0.64, 4.76) 2.82 (0.97, 8.20) 3.06 (1.10, 8.45)
0.3824 0.5309 0.2256
1.13 (0.89, 1.44) 1.12 (0.88, 1.43) 1.18 (0.95, 1.47)
1.56 (1.11, 2.18) 0.92 (0.63, 1.34) 1.57 (1.10, 2.23)
0.1641 0.3058 0.3444
1.01 (0.72, 1.41) 0.85 (0.59, 1.22) 1.03 (0.79, 1.34)

1.35 (1.05, 1.74) 1.14 (0.88, 1.48) 1.59 (1.19, 2.13)

0.3514 0.0313b 0.1790

1.1 (0.85, 1.43) 0.87 (0.65, 1.17) 1.14 (0.91, 1.43)

1.31 (0.97,1.77) 1.13 (0.83, 1.54) 1.34 (0.95, 1.90)
0.6804 0.3420 0.0876"
1.12 (0.86, 1.47) 1.03 (0.77,1.38) 1.22 (0.98, 1.52)

1.44 (1.07, 1.96) 1.06 (0.78, 1.45) 1.48 (1.03, 2.12)

0.1649 0.1909 0.8378
1.05 (0.63,1.73) 1.23 (0.72,2.11) 1.57 (1.02, 2.41)
0.91 (0.54, 1.52) 0.81 (0.48, 1.35) 0.91 (0.60, 1.40)

1.42 (1.09, 1.83) 1.15 (0.88,1.51) 1.36 (1.06, 1.75)

1.95 (0.71, 5.39) 1.11 (0.42,2.91) 1.31 (0.43, 4.02)

0.3047 0.2197 0.7848

Bolded ORs are significant at the alpha level of 0.05. ?Model adjusted for age (if age is not stratified), gender (if gender is not stratified), race (if race is not
stratified), education, income, COVID-19 infection history, smoking status and employment status PP for interaction <0.10 “Model adjusted for age, gender,
race, COVID-19 infection history and smoking status 9Model adjusted for age, gender, race, education, income, smoking status and employment status

COVID-19 pandemic, the racial inequity and wealth gap were
exacerbated due to health concerns and high unemployment
(Ellis et al., 2021), and alterations in one’s perceived financial
situation mediated the impact of employment transition on
mental health (Thomas et al., 2007). It has also been shown
that a person’s resilience to deal with difficulties or challenges
in life can be significantly influenced by having satisfying
social support (Schwab ez al., 2022). In addition, in terms
of gender inequity, a study revealed that mothers experi-
enced higher levels of stress, lack of energy and loneliness
than fathers did in the spring of 2020. As mothers suffered
more from balancing their child care, housework and job
responsibilities during the lockdown, and thus the gender gap
in mental health was increased (Hiekel and Kiithn, 2022).

Moreover, this adverse effect of alcohol drinking patterns
(initiating/ increasing alcohol consumption or binge drinking)
also existed among people who stayed at home per recom-
mendations or due to infection/exposure, which may be the
result of lack of social activities or concerns of COVID-19.

We recruited a large sample of 3623 individuals from all the
states in the USA except for Alaska, with age ranging from
18 to 96 years. This study was administered anonymously
through online platforms, which minimised social-desirability
bias in responses. We collected comprehensive demographic
information, COVID-19 infection history and information
about social behaviors during the pandemic, which allowed
us to control confoundings and to identify potential effect
modifiers.
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Fig. 1. Odds Ratios and 95% confidence intervals for stratified association of increased alcohol use and binge drinking with mental health disorders.
Footnote: Among racial minorities, individuals with worries about money, and individuals with restricted stay-at-home status due to COVID-19 exposure,
the association between increased alcohol use and adverse mental health symptoms appeared to be stronger than their counterparts. Among females,
individuals with poor social support, and individuals with worries about money, insurance, food and grocery items, the association between binge
drinking and adverse mental health symptoms appeared to be stronger than their counterparts. * P for interaction <0.10.

However, this study has some limitations. Self-selection
was likely because of the recruitment strategy. Partici-
pants in the study sample tended to be female-identified
(78.9%), Caucasian (82.0%), middle class (33.4%) and
highly educated, with college level or higher (79.9%), all
of which may limit the generalisability of study results.
Although the online questionnaire may have reduced social
desirability bias, there are still likely errors in the report of
both alcohol consumption and mental health symptoms.
Further, because of the cross-sectional study design, we
are unable to determine the temporal sequence of certain
drinking patterns and the development of mental health
status and therefore cannot draw a causal inference. It is
possible that some other unmeasured factors may co-exist
with both alcohol use and mental health symptoms. For
instance, socially active individuals may use alcohol regularly,
whereas they exhibit more resilience when confronted with
mental health issues, but it was mental resilience that
protected them from mental health problems rather than
regular alcohol use. Nevertheless, this cross-sectional study

identified susceptible populations to mental health disorders
from a public health perspective, including those who
increased their alcohol consumption or engaged in binge
drinking during a pandemic phase. Therefore, more attention
should be paid to these populations, especially for females,
racial minorities, those with financial insecurities, those with
poor social support and those with restricted staying-at-home
status.

CONCLUSION

Alcohol drinkers who maintained their drinking habit
appeared to have better mental health status compared with
abstainers while people who increased their alcohol drinking
consumption had higher odds of reported PTSD compared
with those who maintained their pre-pandemic drinking habit.
More frequent alcohol use and more consumption of alcohol
per month were associated with lower odds of mental health
disorders, but binge drinking over the course of the COVID-19
pandemic was associated with higher odds of mental health
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disorders. From a public health perspective, mental health
issues among those with increased alcohol consumption and
binge drink may require more attention, especially for those
who are minorities, female, with financial insecurities or with
poor social support.
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