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The novel coronavirus (COVID-19) has impacted the lives of people worldwide since being
declared a pandemic on March 11, 2020. Social restrictions aimed at flattening the curve
may be associated with an increase in stress and anxiety, which may increase the use of
alcohol as a coping mechanism. The objective of this study was to examine if stress and
anxiety were associated with changes in alcohol use in a sample of adult twins. Twins
allowed us to control for genetic and shared environmental factors that would confound
the alcohol - mental health relationship. Twins (N = 3,971; 909 same-sex pairs) from the
Washington State Twin Registry (WSTR) completed an online survey examining several
health-related behaviors and outcomes and their self-reported changes due to COVID-19.
About 14% of the respondents reported an increase in alcohol use. We found an
association between both stress and anxiety and increased alcohol use, where twins
with higher levels of stress and anxiety were more likely to report an increase in alcohol
consumption. The associations were small and confounded by between-family factors
and demographic characteristics. However, there was no significant difference in stress or
anxiety levels between non-drinkers and those who reported no change in alcohol use.
Our findings suggest that individuals’ mental health may be associated with changes in
alcohol use during the COVID-19 pandemic.

Keywords: novel coronavirus, alcohol use, perceived stress, anxiety, social restriction, twins

INTRODUCTION

The novel coronavirus (COVID-19) has impacted the lives of people worldwide since being declared
a pandemic on March 11, 2020 (1). Social restrictions have been put in place to flatten the curve,
including the closure of schools, parks, and non-essential businesses'. These restrictions may have
been successful in slowing the spread of new infections. However, the impact of social isolation and
lockdown measures may exacerbate mental health problems such as stress and anxiety, which, in
turn, may increase alcohol use as a coping mechanism.

The definition of essential business and/or service differs across countries and local governments.
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There is an extensive literature on the use of alcohol as a coping
mechanism in response to stressful life events at the micro level, such
as divorce (2), unemployment (3, 4), and social isolation (5), and at
the macro level, such as terrorist attacks (6-9), natural disasters (10—
13), and economic recessions (3, 14-16). These studies consistently
found an increase in alcohol use, specifically heavy drinking, among
individuals exposed to stressful or traumatic events. As alcohol
reduces the body’s stress response and emotional memory (17),
individuals may consume alcohol to remedy stressful memories
related to traumatic events. Longitudinal studies of individuals
exposed to a single traumatic event, such as a terrorist attack,
found that post-traumatic stress symptoms were associated with an
increase in alcohol use over time (7, 9, 13).

Only a handful of studies have investigated the use of alcohol
in response to virus outbreak-related stress and anxiety. Among
hospital employees in China exposed to the 2003 SARS-CoV
outbreak, being quarantined and working in a high-risk location
were significantly associated with more alcohol use, with 6% of
respondents reporting using alcohol to cope with negative
feelings (18). A survey of adults living in Hong Kong during
the 2003 SARS-CoV outbreak found that 6.8% of adults reported
an increase in alcohol use due to SARS (19).

Regarding the current COVID-19 pandemic, concerns have been
raised about the potential risk of increased alcohol consumption due
to increased stress (20-22) and social distancing (21). Among US
Amazon MTurk workers, those with higher levels of COVID-19-
related anxiety were more likely to use drugs and/or alcohol as a
coping strategy (23). Among a sample of 4,276 university students in
the US surveyed at the end of March 2020, those with more
symptoms of depression and anxiety reported a greater increase in
alcohol consumption compared to those with fewer symptoms (24).
Although increases in alcohol consumption were associated with
higher levels of anxiety, depression, and stress symptoms among a
sample of 1,491 anonymously surveyed Australian adults in April
2020 (25), a different study among 4,462 Australian adults conducted
around the same time found that only depression and stress, but not
anxiety, were indicators of a reported increase in alcohol use (26). To
date, no studies have examined changes in alcohol use during
COVID-19 in a genetically informed sample of adults.

The objective of this study was to examine whether stress and
anxiety was associated with perceived changes in alcohol use over
the short-term in response to the COVID-19 outbreak and its
mitigation strategies in a community-based sample of adult twins
primarily residing in the US. We hypothesized that stress and
anxiety would be associated with increased alcohol use as a
coping strategy. Specifically, we expected that individuals with
higher stress and anxiety levels would be more likely to increase
the use of alcohol. On the other hand, we expected that those
with lower stress and anxiety levels would be more likely to
report a decrease in the use of alcohol or report no use of alcohol.

METHODS

Participants
A total of 3,971 individuals from the Washington State Twin
Registry (WSTR) completed an online survey examining several

health-related behaviors and outcomes and their self-reported
changes due to COVID-19 mitigation, administered between
March 26 and April 5, 2020. The survey was sent to 12,173
individuals registered and active in the WSTR; the individual
response rate was 32.8% and the pair-wise response rate was
21.2%”. The WSTR is a community-based Registry of twin pairs
primarily recruited through Washington State Department of
Licensing (DOL) records. Details regarding the recruitment
procedures of the WSTR and additional information are
reported elsewhere (27-29). This study was reviewed and
approved by Washington State University Institutional
Review Board.

Both monozygotic (MZ, identical) and dizygotic (DZ,
fraternal) twins participated in the study. The current
sample included 909 same-sex twin pairs (77% MZ,
23% DZ). Zygosity was determined using five questions in
the WSTR enrollment survey asking about childhood
similarity. Compared to biological zygosity indicators, the
survey items correctly classify zygosity with at least 95%
accuracy (30, 31).

Measures

Change in Alcohol Use

Participants responded to a series of questions, “Compared to a
few weeks ago (i.e., prior to the spread of COVID-19), and
thinking only about the past 7 days, please indicate whether you
have made changes in the following behaviors.” Several activities
and behaviors were assessed. For the current study, we utilized
their responses to the “consume alcohol” activity, with four
possible response categories: doing more, doing the same,
doing less, and do not do.

Perceived Stress

We used the 10-item Perceived Stress Scale [PSS; (32)] to assess
participants’ stress levels. Participants were asked about their
feelings and thoughts in the last 2 weeks with five response
categories; 0, never; 1, almost never; 2, sometimes; 3, fairly often;
4, very often. A total PSS score (range = 0 to 40) can be obtained
by summing across all scale items, with higher scores indicating
higher levels of stress.

Anxiety

The six-item anxiety subscale in the Brief Symptom Inventory
[BSI; (33)] was used to assess anxiety. Participants were asked to
indicate how much discomfort each problem has caused them
during the past 2 weeks including today on a five-point Likert-
type scale (0 = Not at all; 1 = A little bit; 2 = Moderately; 3 =
Quite a bit; 4 = Extremely). A total anxiety score (range = 0 to 24)
was computed by summing across all items, where higher scores
reflect higher levels of anxiety.

*Response rates in the current study were comparable to prior WSTR survey-
based studies (~32% and 21% individual and pair-wise response rate, respectively,
across 13 unique studies). Demographic characteristics of the current respondents
were like those in the full WSTR (data available upon request).
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Covariates

Participants’ age and sex were included as covariates in the
statistical analyses. Age referred to individuals” age at which they
completed the survey; it was computed based on the reported
date of birth. Sex was self-reported as male or female.

Statistical Analysis

In order to examine whether the odds of change in alcohol use is
associated with mental health, we performed the following
comparisons separately for perceived stress and anxiety: (i) do
not use versus use more, (ii) do not use versus use the same, (iii)
do not use versus use less, (iv) use the same versus use more, and
(v) use the same versus use less.

We first used the classical twin model to decompose the variances
of perceived stress, anxiety, and the change in alcohol use into
additive genetic (A), shared environmental (C), and non-shared
environmental (E) components (34). The A variance components
represent the additive effect of genes, with correlation r = 1.0 between
MZ twins (who share 100% of their genetic sequence) and r = 0.5
between DZ twins (who, on average, share 50% of their segregating
genes). The C variance components represent common
environmental experiences that make members of the same family
more similar; they correlate at = 1.0 for both MZ and DZ twins. The
E variance components represent non-shared environmental
experiences and do not correlate between twins. Measurement
error is also included in the E variance components.

We next used phenotypic regression models to examine the
association between mental health and change in alcohol use
(Figure 1). Change in alcohol use was regressed on mental health
(i.e., perceived stress or anxiety), estimating the observed
association between mental health and change in alcohol use

(b, in Figure 1). b, reflects the phenotypic association between
mental health and change in alcohol use, without including
genetic or shared environmental confounds.

The models were then re-estimated including estimates of by
and bc, respectively controlling for genetic and shared
environmental confounds, in the estimation of the phenotypic
effect (Figure 1). These are referred to as quasi-causal models;
the logic and associated statistical methods are described in (35).
The b, and b regression paths from perceived stress to change
in alcohol use were initially estimated with large standard errors,
reflecting a high degree of correlation between the additive
genetic (A) and shared environmental (C) components of
stress and insufficient power to differentiate between these
sources of covariation. by and b¢ paths from perceived stress
to change in alcohol use were subsequently constrained to be the
same, meaning that the total between-family effect was estimated
instead of individual between-family components. A final set of
models were performed by including participants’ age and sex as
covariates. Perceived stress and anxiety were both square root
transformed as the two variables are positively skewed.

Descriptive statistics were provided for both the full sample
and the same-sex twins sample, whereas twin analyses were
performed only on the same-sex twins sample. Descriptive
statistics were performed in the statistical program R 3.5.3
(36). All latent variable path analyses were conducted using the
computer program Mplus v. 8.1 (37). The alpha level for testing
hypotheses was set to 0.05. Twin-based regression models are
generally saturated; the only source of reduced fit involves
incidental issues such as differences between twins arbitrarily
assigned as Twin 1 and Twin 2 within pairs. All reported models
fit the data closely using standard “goodness of fit” tests.
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FIGURE 1 | Quasi-causal twin model, controlling for age and sex. A: additive genetic component; C: shared environmental component; E: unique environmental
component; by and be: amount of residual variance of mental health attributable to the genetic and shared environment, respectively; b,: phenotypic association.
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RESULTS

Descriptive Statistics

Descriptive statistics for select demographic characteristics,
perceived stress, anxiety, and the proportion of participants
with varying changes in alcohol use for the full sample and
among same-sex twin pairs are shown in Table 1. Most of the
participants reported either not using alcohol (35.5% and 36% in
full sample and same-sex twins sample, respectively) or using
about the same amount (39.4% and 38.3% in full sample and
same-sex twins sample, respectively), whereas smaller
proportions reported using more (14.3% and 15.3% in full
sample and same-sex twins sample, respectively), and even
smaller proportions reported using less alcohol (~10% in full
sample and same-sex twins sample). The distributions of stress

TABLE 1 | Descriptive statistics of select demographic characteristics, self-
report change in alcohol use, perceived stress, and anxiety.

Full sample Same-sex twin pairs
(n = 3,989) (n =909 pairs)
Age 50.4 (16.0) 49.9 (16.0)
Gender
Men 1,125 (30.8%) 444 (24.4%)
Women 2,746 (69.2%) 1,374 (75.6%)
White 3,793 (95.5%) 1,738 (95.6%)
Zygosity
Mz 2,385 (60.1%) 1,400 (77.0%)
Dz 1,586 (39.9%) 418 (23.0%)
Change in alcohol use (%)
Do not use 1,382 (35.5%) 643 (36.0%)
Use more 556 (14.3%) 274 (15.3%)
Use the same 1,533 (39.4%) 685 (38.3%)
Use less 424 (10.9%) 185 (10.4%)
Perceived stress 12.3(7.2) 12.6 (7.2)
Anxiety 3.6 (3.6) 3.8 (4.0

Means (standard deviations) are presented for continuous variables. Frequencies
(proportions) are presented for categorical variables.

Perceived stress level
- - N N w w H
o [¢,] o [} o (] o

o

Use more Use the same Use less
Change in alcohol use

Do not use

and anxiety levels, by different changes in alcohol use, are
presented in Figure 2.

Univariate Twin Models

Twin correlations for perceived stress and anxiety, as well as
tetrachoric twin correlations for the five change in alcohol use
comparisons are presented in Table 2. The standardized biometric
variance components for the variables are also shown; variance
component estimates that were negative were subsequently set to
zero. There was substantial non-shared environmental variance for
perceived stress (61%), whereas the genetic (A: 23%) and shared
environmental (C: 16%) variance were much smaller and not
significantly different from zero. The univariate decomposition of
anxiety showed a combination of genetic (A: 42%) and non-shared
environmental (E: 58%) variance. For the three comparisons with
the do not use group, the non-shared environmental variance,
though small, was significantly different from zero (E: 10%, 29%,
and 40% for comparing against use more, use the same, and use less,
respectively). On the other hand, the additive genetic and shared
environmental variance in these three comparisons were estimated
with large standard errors, which may suggest unstable estimates
and/or insufficient power. The use the same vs. use more
comparison showed a combination of shared (C: 53%) and non-
shared environmental (E: 47%) variance. There was substantial non-
shared environmental variance (E: 81%) in the use the same vs. use
less comparison, with a very small proportion of the variance due to
additive genetic variance (A: 19%).

Perceived Stress and Change in

Alcohol Use

Do Not Use vs. Use More

We found a significant phenotypic association between stress
and change in alcohol use (b, = .314, OR = 1.37, p <.001;
Table 3A). Twins who had higher levels of stress were more
likely to report using more alcohol than report not using alcohol.
When between-family confounds were controlled in the quasi-

25

20

N
o

Anxiety level
S

Use more Use the same Use less
Change in alcohol use

Do not use

FIGURE 2 | Stress and anxiety levels by self-reported change in alcohol use (same-sex twin pairs).
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TABLE 2 | Twin correlations and standardized variance components for negative emotions, and changes in alcohol use among same-sex twin pairs.

™z (>4 a? c? e?

Perceived stress .39 (.03) .27 (.06) 23 (\13) 16 (112) .61 (.03)
Anxiety .42 (.03) .21 (.02) .42 (.03) - .58 (.03)
Change in alcohol use®

Do not use vs. use more .90 (.04) .57 (.16) .65 (.32) 5 (.31) .10 (.04)
Do not use vs. use the same .71 (.05) .46 (.12) .50 (.26) 21 (.25) .29 (.05)
Do not use vs. use less .60 (.10) .36 (.28) .48 (.59) 12 (.56) .40 (.10)
Use the same vs. use more .53 (.07) .53 (.07) - .53 (.07) 47 (.07)
Use the same vs. use less 19 (.113) .09 (.06) 19 (.13) - .81 (.13)

Standard errors are presented within parentheses. rMZ, monozygotic twin correlations; rDZ, dizygotic twin correlations. a?, ¢?, and &°: standardized biometric variance components

obtained from classical twin model decomposing the variance of the phenotype into additive genetic, shared environment, and non-shared environment variance, respectively.
@Tetrachoric correlations are presented here due to the dichotomous nature of the comparisons. Bolded numbers indicate estimates that are statistically significant at p < .05.

causal model, the association was reduced and became non-
significant (b, = .107, OR = 111, p = .067), suggesting that
between-family effects confounded the association between stress
and change in alcohol use. Results were similar after further
controlling for age and sex (b, = .116, OR = 1.12, p = .062).

As shown in Figure 3A, there was an overall association between
stress and change in alcohol use. Twin pairs where both members
reported using more alcohol (rightmost bar in both panels) had
higher average stress levels when compared to twin pairs where both
members reported not using alcohol (leftmost bar in both panels).
However, there was no substantial difference in stress levels among
twin pairs discordant in alcohol use (i.e., one member of the pair
with increased alcohol use and the other member with no alcohol
use, middle two bars in both panels).

Do Not Use Versus Use the Same

We found no evidence of an association between stress
levels and the odds of not using alcohol versus using
the same amount (Table 3A). Results were similar in the
phenotypic model (b, = -.010, OR = .99, p = .762), the quasi-
causal model (b, = —.065, OR = .94, p = .141), and the final

model controlling for age and sex (b, = -.066, OR = .94,
p=.148).

Do Not Use Versus Use Less

There was no association between stress levels and the odds of not
using alcohol versus using less alcohol (Table 3A). Results were
similar in the phenotypic model (b, = .076, OR = 1.08, p = .134), the
quasi-causal model (b, = .106, OR = 1.11, p = .171), and the final
model controlling for age and sex (b, = .115, OR = 1.12, p = .149).

Use the Same Versus Use More
There was a significant phenotypic association between stress and
change in alcohol use (b, = 373, OR = 145, p <.001; Table 3B).
Twins with higher levels of stress were more likely to report an
increase in alcohol use rather than similar alcohol use. When
between-family confounds were controlled in the quasi-causal
model, the association was attenuated but remained significant
(b, = 203, OR = 1.23, p = .002). Results remained consistent after
further controlling for age and sex (b, = .216, OR = 1.24, p = .002).
We illustrate these associations in Figure 3B. Twin pairs who
were concordant on more use (i.e., both members reported

TABLE 3A | Unstandardized parameter estimates for phenotypic and biometric models estimating the effects of self-report change in alcohol use on perceived stress.

Do not use vs. use more

Est OR [95% CI] P

Phenotypic model

bo 314 1.37 [1.24, 1.51] <.001
Quasi-causal model

ba 461 1.59 [1.17, 2.16] .003

be 461 1.59 [1.17, 2.16] .003

bp 107 1.11[.99, 1.25] .067
Quasi-causal model (with covariates)

ba 142 1.151[.74, 1.80] 534

be 142 1.15 .74, 1.80] 534

[0 116 1.12 .99, 1.27] .062

Age -.230 .79 [.73,.86] <.001

Sex (F) .253 1.29 [.98, 1.68] .065
RMSEA [90%Cl] .019 [0,.041]

Do not use vs. use the same Do not use vs. use less

Est OR [95% CI] p Est OR [95% CI] p
~.010 .99 .93, 1.06] 762 076 1.08[98 1.19]  .134
121 1.13 .90, 1.42] 300 —.064 94 .67, 1.31] 704
121 1.13 .90, 1.42] 300 -.064 94 [.67, 1.31] 704
-.065 94 .86, 1.02] 141 106 111195, 1.30) 171
128 1.14 .82, 1.58] 443 -106 .90 [.56, 1.45] 661
128 1.14 .82, 1.58] 443 —106 .90 [.56, 1.45] 661
-.066 .94 .86, 1.02] 148 115 112196, 1.31]  .149
-.050 951[.90, 1.0] 081 007 1.01[93,1.08]  .855
-132 .88 1[.73, 1.06] 166 -.085 9272, 1.16] 481
017 [0,.040] .012[0,.038]

Phenotypic model does not include controls for between-pair confounds, whereas quasi-causal model include controls for between-pair confounds. Perceived stress is square root

transformed; age is divided by 10.

OR, odds ratio; bs, amount of variance in perceived stress attributable to additive genetic influences; bg, amount of variance in perceived stress attributable to shared environmental
influences; bp, phenotypic association between predictor and outcome; RMSEA, root mean square error of approximation.
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FIGURE 3 | (A) Do not use versus use more, (B) Same use versus use more, (C) Same use versus use less. Average perceived stress levels between twin pairs
concordant and discordant in change in alcohol use among same-sex MZ and DZ twin pairs. Error bars denote standard errors.
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TABLE 3B | Unstandardized parameter estimates for phenotypic and biometric models estimating the effects of self-report change in alcohol use on perceived stress.

Est

Phenotypic model

be .373
Quasi-causal model

ba .382

bc .382

be .203
Quasi-causal model (with covariates)

ba .078

be .078

by 216

Age -.180

Sex (F) .369

RMSEA [90%Cl]

Use same vs. use more

Use same vs. use less

OR [95% ClI] p Est OR [95% ClI] p
1.45[1.32, 1.60] <.001 103 1.11[1.0, 1.22] 038
1.47 [1.07, 2.00] 017 -.188 83,59, 1.17] 288
1.47 [1.07, 2.00] 017 -.188 83,59, 1.17] 288
1.23[1.08, 1.39] 002 191 1.21[1.08, 1.43] 022
1.08 .69, 1.70] 735 —.244 78 1[.48, 1.28] 332
1.08 .69, 1.70] 785 -.244 78 1[.48, 1.28] 332
1.24 [1.08, 1.43] 002 202 1.22[1.08, 1.45] 019

84 [.77,.90] <.001 056 1.06 [.98, 1.14] 142
1.45[1.18, 1.85] .003 025 1.03[.82, 1.28] 825
.018[0,.041] .025 [0,.045]

Phenotypic model does not include controls for between-pair confounds, whereas quasi-causal model include controls for between-pair confounds. Perceived stress is square root

transformed; age is divided by 10.

OR, odds ratio; ba, amount of variance in perceived stress attributable to additive genetic influences; be, amount of variance in perceived stress attributable to shared environmental

influences; bp, phenotypic association between predictor and outcome; RMSEA, root mean square error of approximation.

drinking more; rightmost bar in each panel) had higher average
stress levels than concordant same use twin pairs (i.e., both
members reported drinking the same amount; leftmost bar in
each panel). Among discordant MZ twins (left panel), members
of the pair who reported using more alcohol (third bar from the
left) had slightly higher stress levels as compared to their co-
twins who reported using the same amount of alcohol (second
bar from the left). There was no observable difference in stress
levels among discordant DZ twins (middle two bars in right
panel). As between-pair confounds are controlled within MZ
twin pairs, this offers robust evidence for a quasi-causal
association between stress levels and change in alcohol use,
specifically between same versus increased alcohol use.

Use the Same Versus Use Less
We found a significant phenotypic association between stress and
change in alcohol use (b, = .103, OR = 1.11, p = .038; Table 3B).
Twins with higher stress levels were more likely to report a
decrease in alcohol use instead of similar alcohol use. This
association remained statistically significant after controlling for
between-family confounds (b, = .191, OR = 1.21, p = .022), and
turther controlling for age and sex (b, =.202, OR = 1.22, p = .019).
The phenotypic association between stress levels and change
in alcohol use is illustrated in Figure 3C. Twin pairs who were
concordant on less use (i.e., both members reported drinking
less; rightmost bar in each panel) had higher average stress levels
than concordant same use twin pairs (i.e., both members
reported using same amount of alcohol; leftmost bar in each
panel). We observed the same association within pairs of MZ
twins discordant for alcohol use - members of the pair who
reported drinking less alcohol had substantially higher stress
levels than their co-twins who reported drinking the same
amount of alcohol (middle two bars in left panel). Within
pairs of discordant DZ twins, the average stress levels were
higher among members of the pair who reported dinking the
same amount of alcohol than their co-twins who reported
drinking less alcohol (middle two bars in the right panel). This

difference between MZ and DZ discordant twin pairs reflects the
genetic confounds, as the between-pair confounds are controlled
within discordant MZ twins, and within-pair difference between
discordant DZ twins also includes the genetic difference
between them.

Anxiety and Change in Alcohol Use

Do Not Use Versus Use More

There was a significant phenotypic association between anxiety
and change in alcohol use (b, = .351, OR = 1.42, p <.001; Table
4A). Twins with higher levels of anxiety were more likely to
report using more alcohol than report not using alcohol. When
additive genetics confounds were controlled in the quasi-causal
model, the association was reduced and became non-significant
(b, = .119, OR = 1.13, p = .135), suggesting that between-family
effects confounded the association between stress and change in
alcohol use. Results remained similar after further controlling for
age and sex (b, = .139, OR = 1.15, p = .086).

The phenotypic association between anxiety levels and
change in alcohol use is illustrated in Figure 4A. The average
anxiety levels were substantially higher among concordant more
use twins (i.e., both members of the pair reported using more
alcohol; rightmost bars in both panels) than concordant do not
use twins (i.e., both members of the pair reported not drinking;
leftmost bars in both panels). However, there was no observable
differences in anxiety levels within twin pairs discordant in
alcohol use (i.e., one member of the pair with increased use of
alcohol and the other member reported not using alcohol, middle
two bars in both panels).

Do Not Use Versus Use the Same

We found no evidence of an association between anxiety levels
and the odds of not using alcohol versus using the same amount
(Table 4A). Results were similar in the phenotypic model (b, =
-.006, OR = .99, p = .884), the quasi-causal model (b, = —.047,
OR = .95, p = .386), and the final model controlling for age and
sex (b, = —.046, OR = .96, p = .131).
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TABLE 4A | Unstandardized parameter estimates for phenotypic and biometric models estimating the effects of self-report change in alcohol use on anxiety.

Do not use vs. use more

Est OR [95% CI] p

Phenotypic model

bp .351 1.42 [1.29, 1.56] <.001
Quasi-causal model

ba 444 1.56 [1.10, 2.21] 013

(o 119 1.131[.96, 1.32] 135
Quasi-causal model (with covariates)

ba 178 1.19 .77, 1.86] .430

(o 139 1.15[.98, 1.35] .086

Age -.238 .79 [.72,.86] <.001

Sex (F) 228 1.26 [.95, 1.67] 114
RMSEA [90%Cl] .026 [0,.046]

Do not use vs. use the same Do not use vs. use less

Est OR [95% CI] P Est OR [95% CI] p
-.006 99 .92, 1.07] 884 087 1.09[.99, 120  .086
076 1.08 .85, 1.36] 521 .090 1.09[.78,1.23] 599
-.047 .95 1.86, 1.06] 386 038 1.041[88,1.23]  .660
092 1.10,.81, 1.48] 549 138 1151[76,1.74] 518
-.046 .96 .86, 1.06] 388 038 1.04[88,1.22] 649
-.042 96 .91, 1.01] 431 -014 .99 .92, 1.06] 682
-.134 87 .72, 1.06] 168 -.070 93172, 1.21] 592
.0120,.037] 015 [0,.039]

Phenotypic model does not include controls for between-pair confounds, whereas quasi-causal model include controls for between-pair confounds. Perceived stress is square root

transformed; age is divided by 10.

OR, odds ratio; ba, amount of variance in perceived stress attributable to additive genetic influences; be, amount of variance in perceived stress attributable to shared environmental
influences; bp, phenotypic association between predictor and outcome; RMSEA, root mean square error of approximation.

Do Not Use Versus Use Less

There was no association between anxiety levels and the odds of
not using alcohol versus using less alcohol (Table 4A). Results
were similar in the phenotypic model (b, = .087, OR = 1.09, p =
.086), the quasi-causal model (b, =.038, OR = 1.04, p = .660), and
the final model controlling for age and sex (b, = .038, OR = 1.04,
p = .649).

Use the Same Versus Use More

There was a significant phenotypic association between anxiety
and change in alcohol use (b, = .385, OR = 1.47, p <.001; Table
4B). Twins with higher levels of anxiety were more likely to
report an increase in alcohol use rather than similar alcohol use.
When additive genetics confounds were controlled in the quasi-
causal model, the association was attenuated and became non-
significant (b, = .147, OR = 1.16, p = .080), suggesting that
between-family effects confounded the association between
anxiety and change in alcohol use. However, we found a
significant phenotypic association (b, = .175, OR = 1.19, p =
.041) when age and sex were included in the model.

The main effect of anxiety on change in alcohol use is shown
in Figure 4B; the average anxiety levels were higher among
concordant more use twin pairs (i.e., both members of the pair
reported using more alcohol; rightmost bar in both panels) than
concordant same use twin pairs (i.e., both members of the pair
reported using same amount of alcohol; leftmost bar in both
panels). When comparing twin pairs discordant in alcohol use
(i.e., one member of the pair using more alcohol, and their co-
twin using same amount of alcohol), there was no substantial
differences in anxiety levels (middle bars in both panels).

Use the Same Versus Use Less

There was a small phenotypic association between anxiety and
change in alcohol use (b, = .098, OR = 1.10, p = .045; Table 4B).
Twins with higher stress levels were more likely to report a
decrease in alcohol use instead of similar alcohol use. This
association was reduced and became non-significant after

controlling for additive genetics confounds (b, = .073, OR =
1.08, p = .412), and age and sex (b, = .073, OR = 1.08, p = .408).

As shown in Figure 4C, MZ twin pairs where both members
reported using less alcohol (rightmost bar in left panel) had
higher levels of anxiety, compared to MZ twins where both
members reported using the same amount of alcohol (leftmost
bar in left panel). This association was reduced among
concordant DZ twin pairs (right panel). The average anxiety
levels were similar among discordant twin pairs, regardless of
alcohol use (middle two bars in both panels).

DISCUSSION

Results of this study showed a significant association between stress
and anxiety levels and increased alcohol use. Twins with higher
levels of stress and anxiety were more likely to report an increase in
alcohol consumption, instead of no alcohol consumption. These
phenotypic associations were no longer significant after controlling
for between-family confounds, suggesting that the associations
were mediated by between-family factors. Stress and anxiety
levels did not have a substantial impact on whether twins report
no versus similar amount of alcohol consumption, or no versus
reduced alcohol consumption.

Among twins who drink, higher levels of stress were
associated with higher odds of increased versus same alcohol
use. This association was robust after controlling for between-
family effects: members of the pair with higher levels of stress
were more likely to drink more than their co-twins with lower
levels of stress. Contrary to our expectation, twins with higher
levels of stress were also more likely to report decreased, rather
than same, alcohol consumption. This phenotypic association
remained significant after controlling for between-family
confounds, meaning that members of the pair with higher
levels of stress were more likely to drink less than their co-
twins with lower stress levels. Similar associations were observed
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FIGURE 4 | (A) Do not use versus use more, (B) Same use versus use more, (C) Same use versus use less. Average anxiety levels between twin pairs concordant
and discordant in change in alcohol use among same-sex MZ and DZ twin pairs. Error bars denote standard errors.
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TABLE 4B | Unstandardized parameter estimates for phenotypic and biometric models estimating the effects of self-report change in alcohol use on anxiety.

Use same vs. use more

Use same vs. use less

Est

Phenotypic model

b, 385
Quasi-causal model

ba 457

b, 147
Quasi-causal model (with covariates)

ba 173

bp 175

Age -.207

Sex (F) 364

RMSEA [90%Cl]

OR [95% Cl] p Est OR [95% CI] p
1.47 [1.34, 1.61] <.001 008 1.10 [1.00, 1.21] 045
1,58 [1.11, 2.26] 012 047 1.05[.74, 1.48] 790
1.16 [.98, 1.37] .080 073 1.08 [.90, 1.28] 412
1.19 .76, 1.85] 441 087 1.09 [.71, 1.67] 685
1.19[1.01, 1.41] 041 073 1.08 .91, 1.28] 408

811[.75,.88] <.001 019 1.02[.95, 1.09] 575
1.44 [1.11, 1.87] .006 054 1.08 [91, 1.28] 654
.027 [0,.047] 022 [0,.043]

Phenotypic model does not include controls for between-pair confounds, whereas quasi-causal model include controls for between-pair confounds. Perceived stress is square root

transformed; age is divided by 10.

OR, odds ratio; ba, amount of variance in perceived stress attributable to additive genetic influences; be, amount of variance in perceived stress attributable to shared environmental
influences; bp, phenotypic association between predictor and outcome; RMSEA, root mean square error of approximation.

between anxiety levels and change in alcohol use, though the
relationships were confounded by between-family effects.

Our study showed that 14.3% of the respondents reported an
increase in alcohol consumption, which is comparable with
existing studies that reported an increase in alcohol use among
individuals exposed to the SARS outbreak (6, 7). These two studies
further showed that stress related to the outbreak was linked to
increased alcohol consumption. Although the cross-sectional
nature of the data in this study precludes us from drawing
conclusions regarding the direction of the association, we also
showed that stress and anxiety levels are linked to increased
alcohol consumption. The current study further showed that
stress and anxiety levels associated with the COVID-19 outbreak
may have an acute impact on individuals—an increase in alcohol
consumption was reported only 2 weeks after the WHO declared
the COVID-19 outbreak a pandemic (1). Although alcohol use
may be an effective coping strategy in the short term (38),
persistent increased alcohol consumption may turn into
problematic behaviors, such as alcohol dependence and/or
abuse. With prior studies showing increased alcohol use shortly
after (7), and up to three years (6) after the SARS outbreak, it
would be important to investigate the extent to which the current
COVID-19 pandemic may be associated with increased alcohol
use in the long term. Considering that almost every country in the
world has been affected by the COVID-19 outbreak, it is essential
that strategies are put in place to prevent problematic alcohol use
behaviors. Longitudinal studies would provide additional
information about the changes in alcohol consumption as the
world recovers from the pandemic, and determine if specific
personality and/or health factors are associated with whether
individuals return to their normal amount of consumption or
continue to be dependent on alcohol.

Strengths and Limitations

The timeliness of the survey is one of the biggest strengths of the
current study. The survey was administered during a 2-week
period in late March and early April 2020, less than a month after
the COVID-19 was declared a pandemic by the World Health

Organization (1). We were able to assess the immediate impact of
the COVID-19 pandemic and the corresponding social
restrictions on stress and anxiety levels, as well as changes in
alcohol use in a relatively large sample of adult twins.

The current study asked participants to report their perceived
change in alcohol use, providing a subjective assessment of the
extent to which alcohol use has changed or remained the same.
Although the subjective assessment may suffer from response bias
(e.g., individuals may be reluctant to report increased use of
alcohol), slightly more participants reported an increase in
alcohol use (~15%) than a decrease in alcohol use (~10%),
suggesting that twins in our sample may not necessarily be
reluctant to report an increase in alcohol use. As it is not
possible to accurately assess participants’ alcohol use prior to the
COVID-19 pandemic, individuals’ perceived change in alcohol use
may reasonably reflect their actual changes in alcohol use.
Additionally, the WSTR is planning to conduct follow-up studies
to examine how individuals’ mental health and everyday behaviors
change in response to the ease of social restriction measures. When
data from the longitudinal studies becomes available, we will be
able to investigate the extent to which alcohol use changes over
time, and whether perceived change in alcohol use corresponds to
individuals’ actual change in alcohol use during this time.

We recognize that the current study may potentially suffer from
self-selection bias. Although the response rate for this study was
comparable to prior WSTR studies, only about one-third of the
individuals registered in the WSTR completed the survey. It is
possible that individuals who responded to our survey invitation
were less stressed and/or anxious, as reflected by the relatively low
stress (M = 12.6 out of a maximum of 40) and anxiety (M = 3.8 out
of a maximum of 24) levels in the current study. We examined
survey results of 2,000 individuals who completed a prior WSTR
survey within one year of this study. There was no statistically
significant difference in alcohol use as measured by the Alcohol Use
Disorders Identification Test (AUDIT-C) (39) (b = —.01, SE = .04,

?Some individuals who participated in the current study did not complete another
survey within the past year.
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p = .715), perceived stress (b = .11, SE = .06, p = .063), or anxiety
(b =-.02, SE = .05, p = .641) between individuals who participated
in the current study (N = 1,384)% and those who did not (N = 616).
These results suggest that participants in the current study may not
be a particularly low stress/anxiety or low alcohol consumption
group of individuals prior to the pandemic, as compared to those
who did not participate in this study. Nonetheless, with no current
available information on non-responders, we are unable to
speculate whether individuals who did not participate in the
current study had higher (or lower) levels of stress and anxiety,
and whether their alcohol consumption had changed or remained
unchanged during this time period. We are also unable to
determine whether similar associations between mental
health and alcohol use would be replicated among other samples
with higher levels of stress and anxiety, or samples from
other populations.

CONCLUSION

The current study investigated the extent to which individuals’
stress and anxiety levels were associated with self-reported
change in the amount of alcohol use. We found that twin pairs
with higher levels of stress and anxiety were more likely to report
an increase in alcohol use rather than no alcohol use or a similar
amount of alcohol use. Those with higher stress and anxiety levels
were also more likely to report a decrease in alcohol use instead of a
similar amount of alcohol use. Most of these associations were small
and confounded by between-family factors (genetic and shared
environment factors) and demographic characteristics, such as age
and sex. Results from the current study suggest that individuals’
mental health may be associated with changes in alcohol use during
this stressful time as people navigate through the COVID-
19 pandemic.
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