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Abstract

Background and aims: Alcohol consumption increased in the early phases of the

COVID-19 pandemic in the United States. Alcohol use disorder (AUD) and risky drinking

are linked to harmful health effects. This paper aimed to project future health and cost

impacts of shifts in alcohol consumption during the COVID-19 pandemic.

Design: An individual-level simulation model of the long-term drinking patterns for

people with life-time AUD was used to simulate 10 000 individuals and project model

outcomes to the estimated 25.9 million current drinkers with life-time AUD in the

United States. The model considered three scenarios: (1) no change (counterfactual for

comparison); (2) increased drinking levels persist for 1 year (‘increase-1’) and

(3) increased drinking levels persist for 5 years (‘increase-5’).
Setting: United States.

Participants: Current drinkers with life-time AUD.

Measurements: Life expectancy [life-years (LYs)], quality-adjusted life-years (QALYs),

alcohol-related hospitalizations and associated hospitalization costs and alcohol-related

deaths, during a 5-year period.

Findings: Short-term increases in alcohol consumption (increase-1 scenario) resulted in a

loss of 79 000 [95% uncertainty interval (UI]) 26 000–201 000] LYs, a loss of 332 000

(104 000–604 000) QALYs and 295 000 (82 000–501 000) more alcohol-related hospi-

talizations, costing an additional $5.4 billion ($1.5–9.3 billion) over 5 years. Hospitaliza-

tions for cirrhosis of the liver accounted for approximately $3.0 billion ($0.9–4.8 billion)

in hospitalization costs, more than half the increase across all alcohol-related conditions.

Health and cost impacts were more pronounced for older age groups (51+), women and

non-Hispanic black individuals. Increasing the duration of pandemic-driven increases in

alcohol consumption in the increase-5 scenario resulted in larger impacts.

Conclusions: Simulations show that if the increase in alcohol consumption observed in

the United States in the first year of the pandemic continues, alcohol-related mortality,

morbidity and associated costs will increase substantially over the next 5 years.
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INTRODUCTION

The COVID-19 pandemic and the strategies implemented to mitigate

its spread have introduced new life stressors and disrupted daily living

for most people since March 2020. Individuals often increase alcohol

intake to cope with emotional stress and chronic uncertainty [1].

Experience with previous outbreaks [2], natural disasters [1, 3, 4] and

terrorist attacks [5, 6] shows sustained increases in alcohol consump-

tion, prevalence of alcohol use disorders (AUD) and alcohol-

attributable violence and death. However, the scale and duration of

the current pandemic is unmatched by those isolated events, and it is

urgent to monitor alcohol consumption and related problems during

and after the pandemic.

AUD is a chronic relapsing illness characterized by an impaired

ability to stop or control alcohol use despite adverse social, occupa-

tional or health consequences. It is characterized by high mortality

and burden of disease world-wide [7], mainly due to medical conse-

quences, such as liver cirrhosis or injury [8]. An increase in drinking

during the COVID-19 pandemic will add to the known disease burden

associated with alcohol [7].

Two recent systematic reviews covered peer-reviewed literature

on alcohol consumption during the COVID-19 pandemic published up

to November 2020 [9] and up to March 2021 [10]. Roberts et al. [9]

included studies from 17 different countries and, despite mixed find-

ings, they concluded that overall there was a trend towards increased

alcohol consumption during the COVID-19 pandemic in several coun-

tries. Schmidt et al. [10] included studies from more than 19 countries

and concluded that risky pre-pandemic alcohol use, care-giving

responsibilities, stress, depression, anxiety and current treatment for a

mental disorder were found to be associated with increased alcohol

use. In both reviews studies were not directly compared, nor was a

rigorous meta-analysis conducted due to wide variation in measures

and methods between the studies. While changes in alcohol consump-

tion were mixed in many countries, both reviews show that most

studies in the United Kingdom and United States found an overall

increase in alcohol consumption in the general population and/or spe-

cific subgroups in the early phase of the pandemic [9, 10]. Two studies

published after those systematic reviews found increases in the num-

ber of drinking days, with frequency of drinking peaking in early May

and remaining at increased levels through mid-July in the

United States [11, 12]. An additional longitudinal US study, conducted

by our team, found sustained increases in average alcohol consump-

tion up to November 2020 [13–15]. These findings are a concern, as

there is an increased risk of AUD-related consequences as increased

consumption persists.

This study uses a previously developed simulation model of

the long-term drinking patterns of people with life-time AUD [16]

to project the alcohol-related consequences and associated costs

of pandemic-driven increases in consumption overall and for demo-

graphic subgroups in the population of current drinkers with a

life-time AUD diagnosis before the COVID-19 pandemic in the

United States. Additionally, we project costs and consequences of

pandemic-driven increases in consumption under scenarios

representing sustained changes in consumption. These scenarios help

us understand the impacts of observed drinking patterns that might

persist beyond the pandemic and inform the need for future

interventions.

METHODS

Overview

We used a validated individual-level simulation model of the long-

term drinking patterns for US adults with life-time AUD diagnoses

[16]. Different model types are better suited for different questions

[17]. Individual-level models (or microsimulation models) simulate one

individual at a time and keep track of each simulated individual’s his-

tory (e.g. number of hospitalizations or length of time drinking at a

specific level) [18].

Individuals in the model transitioned between five mutually exclu-

sive states of alcohol consumption—abstinent, low risk, medium risk,

high risk and very high risk—based on the World Health Organization

[19] drinking risk levels. Because the population of focus is individuals

with life-time AUD who were drinking immediately before the pan-

demic, individuals in the model start in one of the four drinking risk

levels. Transition probabilities between drinking states varied by age

(18–35, 36–50, 51–60, 61–70, 71–80, > 80 years), sex (male or

female) and race/ethnicity (American Indian or Alaska Native, Asian or

Pacific Islander, non-Hispanic black, non-Hispanic white or Hispanic).

Individuals also faced morbidity and mortality risks for 28 alcohol-

related conditions that varied by demographic characteristics and

drinking risk level. Individuals progressed in the model until they died

from alcohol-related conditions or other causes. Output from the

model was used to estimate the impact of increases in alcohol con-

sumption observed during the COVID-19 pandemic under scenarios

representing different durations of increased consumption. Three sce-

narios were considered: a counterfactual scenario of no change in

drinking (‘no change’), and two increased consumption scenarios:

increased drinking levels persist for 1 year (‘increase-1’) and increased

drinking levels persist for 5 years (‘increase-5’). We examined differ-

ences in life expectancy [or life-years (LYs)], quality-adjusted life-years

(QALYs) [20], alcohol-related hospitalizations and associated hospitali-

zation costs and alcohol-related deaths between each increased con-

sumption scenario and the counterfactual (no change) for a follow-up

period of 5 years. We extrapolated model results to the population of

US adult drinkers with life-time AUD. To estimate the size of this

population, and because there is no current estimate of the preva-

lence of life-time AUD, we multiplied the 2019 prevalence of current

(past-year) AUD for individuals 18 years or older in the United States

(14.1 million) from the National Survey on Drug Use and Health

(NSDUH) [21] by the proportion of life-time AUD to current AUD

among current drinkers in the National Epidemiologic Survey on

Alcohol and Related Conditions (NESARC)-III (1.83) [22, 23], resulting

in an estimated 25.9 million current drinkers with life-time AUD at the

beginning of the COVID-19 pandemic. We conducted supplementary
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analyses for a life-time follow-up horizon, and repeated the 5-year

follow-up analysis assuming an increase in other-cause (non-alcohol

related) mortality during the COVID-19 pandemic (both analyses

are presented in Supporting information, Appendices B and D,

respectively).

Model parameters

Transition probabilities for drinking states

Short-term transition probabilities between the five drinking risk

states were developed using data from the first and second waves of

the NESARC, a nationally representative longitudinal survey of drink-

ing behaviors, conducted between 2001 and 2005 [24, 25]. Long-term

transition probabilities were produced by calibrating the short-term

transition matrices to data from a 16-year follow-up study of individ-

uals with life-time AUD [26, 27], using a simulated annealing algo-

rithm [28]. External validation was conducted using data from

NESARC-III [23, 29], a separate cross-sectional study conducted in

2012–13 [16]. Additional details are in Supporting information,

Appendix A.

Changes to drinking patterns during the COVID-19
pandemic

Changes in alcohol consumption in the initial phase of the COVID-19

pandemic were estimated from a nationally representative survey of

993 US adults who were asked to recall their alcohol consumption

before (February 2020) and after (April 2020) the pandemic-related

restrictions were put in place in March [13]. Average drinks per day

increased significantly by 35% in the survey, with larger increases for

women and non-Hispanic black people. A follow-up survey with the

same sample indicated that the average level of consumption

remained elevated to November 2020 [14]. From the first survey

data, we estimated average increases in alcohol consumption by sex

(i.e. male and female) and race/ethnicity (i.e. non-Hispanic white,

non-Hispanic black and other race/ethnicity). Because we used

demographic-specific estimates in the model, and because the demo-

graphic characteristics vary between the US adult population and the

subset of that population with life-time AUD, the average increase in

drinks per day for the model population was 32% [95% confidence

interval (CI) = 8–56%] rather than 35% as estimated by the survey.

The increase in consumption changes the distribution between drink-

ing states for the period modeled in each scenario (1 or 5 years or life-

time). These increases were incorporated into the model by calibrating

each demographic group’s transition probability matrices to produce

the observed level of increase in average drinks per day after one

model cycle, relative to the counterfactual. We accounted for uncer-

tainty in the estimated changes in consumption by modelling the

upper and lower bounds of the 95% CIs for changes in consumption

for each demographic group. Additional details on the calibration

process are in Supporting information, Appendix A, and changes in

alcohol consumption for each demographic group are in Supporting

information, Appendix A, Table A1.

Alcohol-related mortality and morbidity

We selected 28 alcohol-related conditions based on evidence of cau-

sality (Supporting information, Appendix A, Table A2) [30–34]. To

estimate the risk of death for each condition by drinking level, we

used sex-, race/ethnicity- and age-specific deaths for each condition

and US population size from the Center for Disease Control and Pre-

vention (CDC) Wonder System WONDER database [35, 36] and risks

for individuals with AUD relative to that of the general population

from systematic reviews and meta-analyses [32, 37, 38]. To estimate

the risk of hospitalization, we used the number of people with at least

one hospitalization event in a year by age, sex, race/ethnicity and con-

dition [39, 40]. See Supporting information, Appendix A for additional

details.

Annual hospitalization costs

Annual hospitalization costs for each condition were estimated by

age, sex and race/ethnicity using the 2014 health-care cost and utili-

zation project (HCUP) national inpatient sample (NIS). To obtain costs

from HCUP data, we applied a cost-to-charge ratio [40] to charges in

the NIS at the hospital level. Using costs instead of charges is consis-

tent with a provider perspective on costs. We used the 2014 medical

expenditure panel survey (MEPS) [41] to account for the cost of phy-

sician services, which is not included in HCUP data. MEPS is the only

publicly available data source with estimates of the cost of physician

services in the hospital setting. A cost of $463 per day was multiplied

by the average length of stay (estimated from the NIS) for each condi-

tion by age group. We also used the HCUP national readmissions

database (NRD) [39, 40] to account for the fact that some people

have multiple hospitalizations for the same condition each year.

Accounting for multiple hospitalizations per year increased annual

hospitalization costs by 10–20%, on average. Supporting information,

Appendix A explains in detail how data from each of these sources

were combined to estimate annual hospitalization costs. All costs

were inflated to 2020 dollars using the medical care services compo-

nent of the consumer price index for all urban consumers [42].

Health utility

Health utility values were calculated for each drinking state and

alcohol-related conditions using health utility values and consumption

from NESARC-III [43], as described in Barbosa et al. [44]. Health utility

varied by demographics, drinking risk state and alcohol-attributable

conditions (Supporting information, Appendix A, Tables A3 and A4).

Utility values were used to compute QALYs. QALYs are years of life
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adjusted by the quality of those years, with quality measured by

health state utilities anchored at 0 for deceased and 1 for perfect

health and are used as a standard measure of health that can compare

health impacts across different interventions, settings and conditions.

Simulation model

Drinking trajectories and related consequences were simulated for

10 000 individuals over life-time, and the base-case results shows

model outcomes for the first 5 years of the simulation (life-time

results are in Supporting information, Appendix B). Starting age, sex,

race/ethnicity and initial drinking risk state distributions were set to

match the population of current drinkers with life-time AUD, as esti-

mated from weighted NESARC-III data. To assess the impact of

changes in current consumption (i.e. excluding abstainers), all individ-

uals entered the model in one of the four non-abstinent states

(Table 1). Individuals transitioned between the five drinking risk states

in annual cycles according to the previously described transition

probabilities.

At each model cycle, individuals could be hospitalized with one

or more of the alcohol-attributable conditions or could die from one

of the attributable conditions or from any other cause. Each condition

was defined as an acute condition (lasting only one cycle), a chronic

condition (lasting an average of 5 years) or a permanent condition

(lasting until death), and hospitalization costs and utilities were

applied accordingly. Once one or more health conditions occurred,

following the minimum health utility estimator [45], the minimum of

the applicable utilities between health state and chronic condition

utilities was applied. For each simulated individual at each model

cycle, the model tracked current drinking risk state, hospitalization

for alcohol-related conditions, hospitalization costs, health utility and,

for an individual’s final cycle, the cause of death. QALYs and costs

were calculated as the present value of the discounted sum during

the 5-year follow-up period using a discount rate of 3% [20]. The

analyses followed the principles of the consolidated health economic

evaluation reporting standards (CHEERS) [46] and other guidelines

for reporting simulation models [47–49]. This analysis has not been

pre-registered on a publicly available platform, and results should be

considered exploratory.

RESULTS

The change in average drinks per day in each increased consumption

scenario compared with the no change scenario is depicted in Fig. 1.

A spike in drinking occurs during the first year of each increased

drinking scenario, increasing the average number of drinks per day by

approximately one more drink compared to the no change scenario.

This initial spike in drinking persists for varying lengths of time in each

increased drinking scenario. Average consumption decreases to

approximately three drinks per day or fewer by year 10 in all

increased drinking scenarios.

Table 2 shows the average health and cost impacts per person for

each scenario, difference in outcomes between each increased drink-

ing scenario and the counterfactual no change scenario and the pro-

jected impacts for the population of current drinkers with life-time

AUD. As a result of a shift in the drinking distribution towards higher-

risk drinking states, individuals in the increased drinking scenarios are

exposed to a higher risk of alcohol-related conditions, reflected in

lower average LYs and QALYs and higher average hospitalizations and

hospitalization costs. Scaling-up the per-person results to approxi-

mately 25.9 million US adults who are current drinkers with life-time

AUD, short-term increases in alcohol consumption (increase-1)

resulted in a loss of 79 000 [95% uncertainty interval (UI) = 26 000–

201 000] LYs, 332 000 (104 000–604 000) QALYs and 295 000

(82 000–501 000) more alcohol-related hospitalizations, costing an

additional $5.4 billion ($1.5–9.3 billion). Increasing the duration of

pandemic-driven increases in alcohol consumption in the increase-5

scenario resulted in larger losses in LYs and QALYs and larger

increases in hospitalization and associated costs. Analysis using

life-time follow-up and life-time increased drinking levels are shown

in Supporting information, Appendix B.

To compare the impacts of the increased drinking scenarios

across race/ethnicity, sex and age strata, we standardized outcomes

within these strata by dividing each increased drinking scenario result

by the counterfactual value. Figure 2 shows standardized outcomes

T AB L E 1 Simulation model starting population: descriptive
statistics

Characteristic NESARC-III

n 10 000

Average age (SD) 43.1 (12.4)

Sex, n (%)

Male 6709 (67%)

Female 3291 (33%)

Race/ethnicity, n (%)

Non-Hispanic white 7535 (75.4%)

Non-Hispanic black 876 (8.8%)

Hispanic 1052 (10.5%)

American Indian/Alaska Native 379 (3.8%)

Asian/Pacific Island 158 (1.6%)

Initial drinking risk state, n (%)

Abstinent 0 (0.0%)

Low risk 5152 (51.5%)

Medium risk 1226 (12.3%)

High risk 1382 (13.8%)

Very high risk 2240 (22.4%)

Average drinks per day (SD) 4.4 (4.4)

The distribution of the simulation population was based on the

characteristics of adult drinkers with life-time alcohol use disorder (AUD)

from weighted National Epidemiologic Survey on Alcohol and Related

Conditions (NESARC)-III data.

SD, standard deviation.
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for QALYs and hospitalization costs during a 5-year follow-up period

for each increased drinking scenario and stratum. We see a larger

decline in QALYs and a larger increase in hospitalization costs for

non-Hispanic black people and people in the other race/ethnicity

group, which includes Hispanic people and those of other races. The

standardized outcomes also show a larger effect of the increase in

consumption for women than for men. By age group, standardized

differences in QALYs and costs are most apparent in the increase-5

scenario. There is a larger cost increase for people aged 36–50 years,

and a slightly larger QALY decrease for people aged 51 years or older.

Supporting information, Appendix C shows results for LYs and total

hospitalizations for the 5-year follow-up period.

Finally, we examined the change in number of hospitalizations

and deaths by alcohol-related condition to identify the conditions

most impacted in each scenario (Table 3). For the increase-1 scenario,

hospitalizations for alcohol-related conditions increased by 295 177

(82 856–502 320) relative to the no change scenario, at an estimated

cost of $5.4 billion ($1.5 billion–$9.3 billion). Deaths due to all causes

increased by 38 839 (10 358–88 036). For all scenarios, the main

driver of increased hospitalizations, their associated costs and deaths

was cirrhosis of the liver. In the increase-1 scenario, hospitalizations

and deaths for cirrhosis of the liver increased by approximately 10%

[138 821 (41 428–225 268) and 31 072 (10 358–49 197) more cases,

respectively] than in the no change scenario (Table 3). These increased

hospitalizations for cirrhosis of the liver accounted for approximately

$3.0 billion ($0.9 billion–$4.8 billion) additional hospitalization costs,

more than half of the increased hospitalizations costs across all

alcohol-related conditions. Pancreatitis and mental and behavioral dis-

orders due to the use of alcohol also accounted for a large share of

the incremental hospitalizations. A few conditions showed no increase

in deaths or even a decrease in deaths with the increased drinking

scenarios (e.g. colon and rectal cancer). This finding is largely due to

earlier mortality from cirrhosis and other highly attributable conditions

that can result in death at younger ages. Supporting information,

Appendix Table B2 shows the life-time results by condition. The

supplementary analysis assessing the impact of increased mortality for

all non-alcohol related causes during the COVID-19 pandemic

suggested that the estimated impact of increased alcohol consump-

tion remained considerable (Supporting information, Appendix D).

DISCUSSION

Alcohol consumption accounts for a significant health and economic

burden in the United States [50–53], and the increases in consump-

tion observed in the early phases of the pandemic might exacerbate

this burden. This study used an individual-level simulation model of

the long-term drinking patterns for individuals with life-time AUD [16]

to assess the impacts of pandemic-driven increases in alcohol

consumption for current drinkers with life-time AUD.

Our results show that the increase of about 32% in average drinks

per day observed in the first year of the pandemic can substantially

F I GU R E 1 Average drinks per day over the first 10 years by simulation scenario. The shading shows the 95% uncertainty interval for drinks
per day (DPD) during the first 10 years of the simulation. Uncertainty diminishes over time once drinking level transition probabilities return to
their pre-COVID levels, because uncertainty intervals in the figure capture the uncertainty related to changes in consumption during the
pandemic. With each passing cycle, simulated individuals with alcohol use disorder (AUD) grow closer to the transition probability’s steady state.
At the beginning of the simulation (year = 0), the average DPD is 4.4 drinks for all scenarios. In the no change scenario, DPD decreases to 3.2
drinks after 5 years and to 2.5 DPD by 10 years. In the increase-1 scenario, average DPD increases to 5.1 after year 1, drops to 3.4 DPD by year
5 and to 2.6 DPD by year 10. In the increase-5 scenario a high drinking level, approximately 5.1 DPD, is sustained for 5 years, dropping to
approximately 3 DPD by year 10. Reduced drinking through time results from the long-term drinking patterns calibrated in the validated model
[16], as is also consistent with the general literature that shows that alcohol consumption declines steadily with age [79].
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increase alcohol-related mortality, morbidity and associated costs in

the next 5 years. When shifting the drinking distribution towards

higher-risk drinking states, individuals are exposed to a higher risk for

alcohol-related conditions, which is reflected in fewer average LYs

and QALYs and higher average hospitalizations and hospitalization

costs. Increasing the duration of pandemic-driven increases in alcohol

consumption in the increase-5 scenario, and assuming no further

intervention, resulted in larger losses in LYs and QALYs and larger

increases in hospitalization and associated costs.

Of the 28 alcohol-related conditions assessed, cirrhosis of the

liver was the largest contributor to an increase in hospitalizations and

associated costs. This finding is concerning, because hospitalizations

and mortality due to alcohol-related liver disease have increased sub-

stantially over the last decade and our results show that pandemic-

related increases in consumption will increase this burden, even with

short-term increases in consumption. In line with our projections,

early in the pandemic there were reports of a spike in hospital admis-

sions for alcohol-related liver disease during the COVID-19 pandemic

[54, 55], and recent evidence shows that the number of patients

awaiting and undergoing liver transplantation for acute alcohol-

associated hepatitis substantially increased during the COVID-19 pan-

demic in the United States [56, 57].

Our surveys showed that women had larger relative increases in

consumption than men [13, 58]. Other studies have also shown larger

relative increases in consumption among women, compared to men,

during the COVID-19 pandemic [9, 10, 59]. Women are more suscep-

tible than men to alcohol-related health problems, such as liver injury

[60]. In the past two decades, alcohol consumption and alcohol-

related emergency department visits, hospitalizations and deaths have

increased markedly among women [61]. Our model results show that

females had larger increases in hospitalizations and associated costs

than men in all scenarios, and larger decreases in LYs and QALY when

increases in drinking are sustained, which means that the pandemic is

exacerbating these troubling trends. We found a larger impact on

costs and health for other groups compared to non-Hispanic white

individuals (more generally). The disproportionate impact of the

T AB L E 2 5-year follow-up health and cost impacts for US adults with alcohol use disorder by simulation scenario

Outcome No change Increase-1 Increase-5

Total health and cost

impacts per person

QALYs 3.32 (SD = 0.42) 3.30 (SD = 0.42)

[UI: 3.29, 3.31]

3.29 (SD = 0.43)

[UI: 3.28, 3.31]

LYs 4.90 (SD = 0.58) 4.90 (SD = 0.58)

[UI: 4.89, 4.90]

4.89 (SD = 0.59)

[UI: 4.89, 4.90]

Hospitalizationsa 0.23 (SD = 0.50) 0.24 (SD = 0.51)

[UI: 0.23, 0.25]

0.25 (SD = 0.52)

[UI: 0.24, 0.27]

Hospitalization costsa $4500 (SD = $10 600) $4800 (SD = $10 800)

[UI: $4600, $4900]

$4900 (SD = $11 000)

[UI: $4700, $5200]

Incremental health and

cost impacts per person

QALYs NA −0.01

[UI: −0.02, 0.00]

−0.02

[UI: −0.04, −0.01]

LYs 0.00

[UI: −0.01, 0.00]

−0.01

[UI: −0.01, 0.00]

Hospitalizationsa 0.01

[UI: 0.00, 0.02]

0.02

[UI: 0.01, 0.04]

Hospitalization costsa $200

[UI: $100, $400]

$400

[UI: $200, $600]

Incremental health and

cost impacts for total

US adult AUD population

QALYs NA −332 K

[UI: −604 K, −104 K]

−588 K

[UI: −1036 K, −198 K]

LYs −79 K

[UI: −201 K, −26 K]

−141 K

[UI: −269 K, −77 K]

Hospitalizationsa 295 K

[UI: 82 K, 501 K]

606 K

[UI: 276 K, 945 K]

Hospitalization costsa $5.4 B

[UI: $1.5 B, $9.3 B]

$10.4 B

[UI: $4.6 B, $16.5 B]

The first panel of the table presents average QALYs, LYs, hospitalizations and hospitalization costs for each scenario over 5 years. The standard deviation

in parentheses represents variation among individuals in the model, and the bracketed uncertainty interval shows the range of the mean assuming a small

increase in drinking (7.7%) and a large increase in drinking (55.7%). The second panel shows the difference in average outcomes for each increased drinking

scenario compared to the no change scenario for the estimated increase in drinking (31.7%) and then in brackets over the range of assumed increases in

drinking (7.7 and 55.7%). The third panel extrapolates the second panel to the population of US adult drinkers with life-time alcohol use disorder (AUD), by

multiplying the individual-level incremental difference by the number of US adult drinkers with life-time AUD (25.9 million people in 2019). Costs are in

2020 US dollars.

LYs, life years; NA, not available; QALYs, quality-adjusted life years; SD, standard deviation; UI, uncertainty interval.
aHospitalizations and hospitalization costs reflect counts and costs for the 28 alcohol-related conditions (Supporting information, Appendix Table A2).
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pandemic on racial and ethnic minorities [62], together with worsen-

ing drinking patterns in these subgroups, compounds existing dispar-

ities in the consequences of excessive alcohol consumption [63]. Our

findings support the need for continued monitoring of alcohol con-

sumption and alcohol-attributable harms now and beyond the

COVID-19 pandemic, with special attention to minority groups. They

also support the need for individual and population-level interventions

to manage AUD and prevent increases in consumption.

Our results underestimate the potential consequences of

pandemic-driven increases in alcohol consumption. Health-care costs

were restricted to hospitalization costs, hence missing outpatient,

pharmacy and other health-care costs. We did not account for

decreases in elective health care utilization and disruptions to behav-

ioral health treatment in the early phases of the pandemic [64, 65].

Delays in obtaining care for alcohol-related conditions can exacer-

bate the risk of downstream hospitalizations and premature mortal-

ity, and the inaccessibility to behavioral health-care may result in a

higher prevalence of AUD. We also did not account for the entire

social impacts of excessive consumption, which include impacts on

family and friends, productivity, employment and the criminal justice

system.

Our individual-level simulation model tracked alcohol-related

consequences and associated costs for individuals with life-time AUD

and currently drinking at the beginning of the simulation immediately

before the COVID-19 pandemic. Our model does not explicitly

account for changes in the incidence of AUD. We scaled-up

individual-level results to provide an estimate of the impact on the

2019 prevalence of life-time AUD for drinkers aged 18 years or older

in the United States (25.9 million). It is possible that increased alcohol

consumption during the COVID-19 pandemic, combined with

pandemic-related factors, led to an increase in the prevalence of

AUD and that we underestimated the impacts of increases in con-

sumption on that prevalence. However, NSDUH, which is the bench-

mark nationally representative cross-sectional survey for AUD

prevalence in the United States, had disruptions to data collection in

2020 [66], raising questions about the validity of AUD prevalence

estimates for 2020, and scaling-up results with NSDUH 2020 esti-

mates should be performed with caution. In addition, NSDUH 2019

F I GU R E 2 Standardized outcomes per person for each COVID scenario by race, sex and age strata, 5-year follow-up. Standardized outcomes
computed by dividing each stratum’s value for a particular outcome by the no change value within that scenario. Starting age refers to the age of
the individual when entering the model (and the age at which changes in consumption due to COVID took effect). Error bars represent the impact
of uncertainty in consumption changes, using the values of the 95% confidence interval of the survey estimates. Percentages represent the
difference in the outcome compared to the no change scenario. This figure shows standardized outcomes for quality-adjusted life-years (QALYs)
and hospitalization costs over a 5-year follow-up period for each increased drinking scenario and stratum. We see a larger decline in QALYs and a
larger increase in hospitalization costs for non-Hispanic black people and people in the other race/ethnicity group, which includes Hispanic

people and those of races other than black and white. The standardized outcomes also show a larger effect of the increase in consumption for
women than for men. By age group, standardized differences in QALYs and costs are most apparent in the increase-5 scenario. There is a larger
cost increase for people aged 36–50 years and a slightly larger QALY decrease for people aged 51 years or older. Supporting information,
Appendix Figure B1 shows results for LYs and total hospitalizations for the 5-year follow-up period.
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used the 4th edition of the Diagnostic and Statistical Manual of

Mental Disorders (DSM-IV) [67] which described two distinct

disorders—alcohol abuse and alcohol dependence—with specific cri-

teria for each. NSDUH 2020 used the 5th edition, DSM-5 [68], which

integrates the two DSM-IV disorders into a single AUD, with mild,

moderate and severe subclassifications. It has been shown that AUD

prevalence rates are lower with DSM-IV criteria than DSM-5 criteria

[69]. The 2020 NSDUH current AUD prevalence for individuals aged

18 years or older was 26.3 million. However, because of different

diagnostic criteria, the estimate cannot be directly comparable to the

2019 estimate of 14.1 million or other previous years to inform

changes in trends. In addition to results scaled-up to the life-time

AUD population at the beginning of the pandemic, we also provide

individual-level results, which allows another scalar to be easily

applied.

One limitation of our individual-level simulation model is that

the longitudinal NESARC data used to model long-term drinking

trajectories was collected between 2001 and 2005. However, these

data are unique in the size of the sample, and it is the only longitudinal

nationally representative data set with detailed information on

drinking patterns for an alcohol-dependent population in the

United States. External validation of long-term drinking trajectories

was conducted with more recent data (NESARC-III). In addition, the

starting model distribution was informed by NESARC-III because this

is the most recent nationally representative survey with detailed

information on drinking patterns allowing accurate assignment of

individuals with life-time AUD to the drinking states. NESARC-III, in

combination with NSDUH, was also used to estimate the size of the

population of people with life-time AUD who are currently drinking.

Our estimate of the size of that population implicitly assumes that the

ratio of current to life-time AUD has not changed since 2013. There is

an urgent need for more recent large-scale nationally representative

longitudinal studies of alcohol and related conditions.

There are four key limitations related to the data used to inform

changes in alcohol consumption during the COVID-19 pandemic.

First, the survey used to inform changes in alcohol consumption dur-

ing the COVID-19 pandemic was not designed to reach specialized

populations, such as those with life-time AUD, which is the focus of

this study. Therefore, we assume that changes in drinking patterns

observed in the general US population can be transferred to changes

in the population of current drinkers with life-time AUD. To date, no

study has specifically assessed changes in drinking patterns during the

COVID-19 pandemic for the AUD population, which is a considerable

gap in the existing literature on COVID impacts. However, several

studies that examined pre-COVID alcohol use or severity as a predic-

tor of changes in consumption found a positive relationship between

increases in consumption and pre-COVID alcohol use severity [59].

Therefore, our results might be an underestimate of the impacts for

the life-time AUD population if people with a history of AUD have

disproportionately larger increases in consumption during the pan-

demic [62]. To account for this uncertainty, we also modeled the

impact of smaller [8 versus 32% (averages across demographic groups,

change in consumption in the model varied by race/ethnicity and sex)]T
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and larger (56% versus 32%) changes in alcohol consumption.

Secondly, alcohol consumption changes were taken from one single

survey with approximately 1000 people. Most studies to date used

convenience samples and did not collect detailed alcohol consump-

tion data, mainly simply asking if consumption increased or decreased

since the start of the COVID-19 pandemic. The study we used is the

only nationally representative study to date that collected detailed

data on alcohol consumption allowing accurate estimation of average

consumption per day overall and by sex and race/ethnicity sub-

groups. There are three other nationally representative studies of

adult alcohol consumption in the United States. The study by Pollard

and colleagues [70] used the RAND Corporation American life panel

and found a 14% increase in frequency of alcohol use in May 2020

compared to 2019, with a 17% increase for women. They also found

a 41% increase in days of heavy drinking for women. However, the

study only included individuals aged 30–80 years and did not collect

detailed alcohol consumption pattern data. Two studies used the

Understanding America study (UAS) to examine longitudinal changes

in number of drinking days in the past week from March 2020 to

June 2020 [11] or 21 July 2020 [12]. Both studies found increases in

the number of drinking days, with frequency of drinking peaking in

early May and remaining at increased levels through mid-July [11,

12]. However, the UAS survey did not collect measures of quantity

consumed and thus could not examine changes in the total quantity

of alcohol consumed per day or other changes in drinking patterns.

Individuals might increase drinking frequency yet still reduce average

consumption if the amount consumed on each occasion decreases, or

they might increase consumption to the point of placing themselves

and others at increased risk of harm. As the number of studies on

changes in alcohol consumption during the COVID-19 pandemic

grows, there is an increased need to combine results through meta-

analyses. A recent study conducted a systematic review and meta-

analysis of changes in alcohol use during COVID-19 including

128 studies with data from 58 countries [59]. The study revealed that

23% of participants reported increases in consumption and 23%

reported decreases in the early phase of the pandemic. There was

significant heterogeneity across studies for both increase and

decrease effect sizes, with the country moderator revealing a larger

increase in the United States and several European countries. The

high variability in methods and alcohol measures across studies

challenges a meta-analysis on drinking patterns, in particular quantity,

frequency and individual-level consumption. Future studies should

collect both quantity and frequency of standard drinks information to

provide an accurate assessment of drinking patterns so that meta-

analyses of the impact of the COVID-19 pandemic on level of con-

sumption and magnitude of changes can be conducted. Thirdly, while

the survey that informed drinking during the COVID-19 pandemic

was cross-sectional and prone to recall bias, the use of an anchoring

event (the beginning of the pandemic) was designed to increase the

accuracy of recalled consumption when February consumption was

asked in May 2020 [13]. In addition, a follow-up survey with

the same sample confirmed sustained increases in consumption

[13–15], and the other three longitudinal studies conducted in the

United States so far [11, 12, 70], despite not providing detailed infor-

mation on drinking patterns, also found increases in alcohol consump-

tion during the COVID-19 pandemic. Furthermore, the meta-analysis

by Acuff et al. (2002) found no difference between cross-sectional

and longitudinal studies in the size of the effect, and recent research

in Canada revealed longitudinal patterns of drinking that were

substantively consistent with self-attributions [71]. A fourth limitation

is that our estimates of alcohol consumption may underestimate

total consumption, which is a well-known limitation of collecting

self-reported data on substance use using surveys [72, 73]; however,

this approach is still considered reliable for measuring alcohol

consumption [74].

While we presented our results for a wide interval of increase in

alcohol consumption (average between 8 and 56%) it is possible that

the increase in consumption for current drinkers with life-time AUD

was even smaller than 8%. Sales data indicate an increase on appar-

ent per-capita alcohol consumption of 2.9% in 2020 compared to

2019 [75]. While this is a large increase, it is smaller than our lower-

bound estimate and it is possible that the real impact of pandemic-

driven increases falls between the counterfactual scenario (i.e. no

increase in drinking) and the lower-bound increase estimates pre-

sented. However, the 2.9% estimate is calculated by dividing gallons

of ethanol (pure alcohol) by each state’s resident population aged

14 and older to obtain per-capita ethanol estimates, whereas the esti-

mate used in our study, and those of other studies of self-reported

alcohol consumption during the COVID-19 pandemic that reported

estimates similar to ours, used individuals of drinking age (older than

21 years). It is possible that those of drinking age increased consump-

tion more than individuals aged between 14 and 20 years [76, 77]. In

addition, while sales data and self-reported consumption are corre-

lated they do not always coincide. It is possible that the totality of

the increase in consumption was not captured by sales data due to

consumption of existing alcohol stocks in the household, particularly

spirits. Individuals may have consumed what they had on hand during

the early phases of the pandemic as they attempted to socially

distance, and policies limited access to vendors. This may have been

followed by replenishment, a notion that is supported by a 7.1%

increase in spirits sales between 2019 and 2020 (more than twice as

large as the next largest year-on-year increase recorded since 1971)

[75], and evidence from 13 states that the increase in spirits sales

was even higher in 2021 [78].

This study assessed the impact of pandemic-driven increases in

alcohol consumption on the short- and long-term alcohol-related

health consequences and associated costs for adult drinkers with life-

time AUD in the United States. Results were stratified by sex, age and

race/ethnicity. We showed that the health and cost impacts of

pandemic-driven increases in alcohol consumption are substantial, dis-

proportionally impact minorities, and if those increases persist, the toll

will be larger. Understanding the short- and long-term consequences

of increases in consumption during and after the pandemic provides

critical information to clinicians, policymakers and public health agen-

cies to more efficiently plan for health services and prepare for future

public health emergencies in the United States and abroad.
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SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.
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