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ARTICLE INFO ABSTRACT

Keywords: This study aims to investigate the association between alcohol consumption and COVID-19, infectious diseases,

LifeStyle' and pneumonia mortality. This is a prospective analysis of 437,191 UK Biobank participants (age 56.3 years, 54%

;fnde?lcs female). The main exposure was self-reported alcohol consumption. In addition to never and previous drinkers,
ortality

we applied quartiles-based and UK guidelines-based criteria to divide current drinkers by weekly consumption
into four groups. Outcomes included COVID-19, infectious diseases, and pneumonia mortality, obtained from the
national death registries until May 2020. After an 11-year follow-up, compared to never drinkers, previous
drinkers had higher mortality risks of infectious diseases and pneumonia (adjusted HR: 1.29 [95% CI 1.06-1.57]
and 1.35 [1.07-1.70], respectively), but not COVID-19. There was a curvilinear association of alcohol con-
sumption with infectious diseases and pneumonia mortality. Drinking within-guidelines (<14 UK units/wk) and
amounts up to double the recommendation (14 to < 28 UK units/wk) was associated with the lowest mortality
risks of infectious diseases (0.70 [0.59-0.83] and 0.70 [0.59-0.83], respectively) and pneumonia (0.71
[0.58-0.87] and 0.72 [0.58-0.88], respectively). Alcohol consumption was associated with lower risks of COVID-
19 mortality (e.g., drinking within-guidelines: 0.53 [0.33-0.86]). Drinkers reporting multiples of the recom-
mended alcohol drinking amounts did not have higher mortality risks of COVID-19 and other infectious diseases
than never drinkers. Despite the well-established unfavorable effects on general health, we found no deleterious
associations between alcohol consumption and the risk of infectious diseases, including COVID-19. Future
research with other study designs is needed to confirm the causality.

1. Introduction

SARS-CoV-2 causes COVID-19, which was declared by the World
Health Organization as a global pandemic in March 2020 (Coronavirus
Disease (COVID-19) — World Health Organization, 2020). Preliminary
epidemiological reports have shown that, amid pandemics, both alcohol
sales and alcohol consumption surge enormously (Anne et al., 2020;
Chick, 2020; Colbert et al., 2020; Lechner et al., 2020), potentially due
to psychological distress and the use of alcohol as a coping mechanism

(Aghababaeian et al., 2020; Chick, 2020; Lechner et al., 2020). How-
ever, different alcohol consumption patterns mediate innate and adap-
tive immune systems in distinctive ways (Bailey et al., 2021; Barr et al.,
2016; Chick, 2020; Szabo & Saha, 2015).

Although adverse effects of alcohol abuse on the risk of infectious
diseases have been discussed (Bailey et al., 2021; Barr et al., 2016; Szabo
& Saha, 2015), the role of drinking habits in determining the risk of the
most severe consequences of infections, including COVID-19, are still
largely unknown. Recent prospective studies have reported potentially

Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio; MET, metabolic equivalent of task.
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favorable effects of moderate alcohol consumption on COVID-19 hos-
pitalization as well as vulnerabilities to upper respiratory infectious
illness (Cohen, 2020; Hamer et al., 2020), but these studies either did
not include heavy drinkers or did not distinguish previous drinkers from
never drinkers.

We examined the effects of alcohol consumption with extended
categorization on risks of COVID-19, overall infectious diseases, and
pneumonia death in a large population sample of adults residing in the
UK.

2. Methods

The UK Biobank is a prospective cohort including 502,616 partici-
pants aged 37-73 years recruited across the UK between 2006 and 2010,
approved by the National Research Ethics Service (Ref 11/NW/0382),
with details described elsewhere (Sudlow et al., 2015). Participants
completed baseline questionnaires/physical measurements and pro-
vided consent for the use of de-identified data and health-related re-
cords. We stepwise excluded those with missing/unusable covariates (n
= 64,016) or exposures (n = 1,409), yielding a total of 437,191 par-
ticipants in the present study.

A self-administered questionnaire collected alcohol consumption.
Participants were firstly classified based on their drinking status (never,
previous, or current). Then, weekly alcohol consumption of current
drinkers was computed as the number of UK units of alcohol (1 unit =
10 mL = 8 g alcohol). We applied quartiles-based and UK guidelines-
based (14 UK units/wk) criteria to further divide current drinkers by
their weekly consumption into four groups each. Table A.1 describes this
categorization in detail.

The date of death was accessed via linkage with the national datasets
from the National Health Service Information Centre (England and
Wales) and the NHS Central Register Scotland (Scotland) up to May
2020. For the COVID-19 mortality-specific analyses, participants with
death events earlier than the onset of the pandemic (January 2020) were
further excluded, ending up with a 414,398 sub-sample. Outcomes
included both the ICD-10-based primary and contributory cause of
death. Codes for COVID-19 were U07.1 and U07.2; for infectious dis-
eases included A.00 to B.99 and J.09 to J.18; for pneumonia were J.12 to
J.18.

We selected covariates that have been linked to infectious diseases
risk (Bodilsen et al., 2018; Cabanas-Sanchez et al., 2018; Schmitt et al.,
2019; Simou et al., 2018): age, sex, socioeconomic status, body mass
index (BMI), smoking, major illness (cardiovascular diseases, diabetes
mellitus, cancer, chronic respiratory diseases, hepatic diseases, human
immunodeficiency virus disease), diet, physical activity, sedentary
behavior and sleep duration (Table A.2). In the analyses of COVID-19
mortality, models were further adjusted for country of residence to
reflect the different lockdown/social distancing policies.

All the models were performed using SAS 9.4 software. Cox-
proportional hazard models examined the association of alcohol drink-
ing (categorical) with disease mortality; “never drinkers” served as the
reference. We found no noticeable violations against the proportional
hazard assumption. Initial models included minimal adjustment (only
sex and age as covariates) (Model 1), and additionally adjusted for all
the covariates mentioned above (Model 2).

In the sensitivity analysis, we extended the UK guidelines-based
categorization to distinguish heavy drinkers further to increase the
granularity of the exposure. The temporal consistency of alcohol con-
sumption was tested with a sub-sample with repeated measurement of
exposure between 2012 and 2018 (n = 40,293).

3. Results
Among the 437,191 participants (56.3 years, 54% female, 11.0 + 1.5

follow-up years), there were 318 COVID-19 deaths and 3,545 infectious
diseases deaths (including 2,614 pneumonia deaths). 34% of the
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participants were within-guidelines drinkers (8.2 + 3.3 UK units/wk),
while 4% were never drinkers. The sample characteristics are shown in
Table 1.

In the fully adjusted model (Model 2), previous drinkers had higher
risks of both infectious diseases and pneumonia mortality (Hazard Ra-
tios (HR): 1.29 [95% CI, 1.06 to 1.57] and 1.35 [95% CI, 1.07 to 1.70],
respectively) compared to never drinkers (Table A.3; Fig. 1a, b). There
was a curvilinear (U-shape) association of alcohol consumption with
both conditions. Current drinkers within the second (3.2 to < 10.5 UK
units/wk) and third quartile (10.5 to < 21.5 UK units/wk) had the
lowest mortality risks (e.g., HR for infectious diseases mortality, 0.71
[95% CI, 0.60 to 0.85] and 0.68 [95% CI, 0.57 to 0.81], respectively).
Models with UK guidelines-based categorization were in close agree-
ment with the results above (Fig. 2a, b).

Previous drinkers did not have a higher risk of COVID-19 mortality as
observed in infectious diseases and pneumonia (Table A.3; Figs. 1c, 2c¢).
Alcohol consumption was associated with a lower risk of COVID-19
mortality compared to never drinkers (e.g., HR of drinkers with at
least double the recommended amounts (>28 UK units/wk): 0.48
[0.28-0.81]).

The favorable associations of alcohol consumption with infectious
diseases and pneumonia mortality diminished when the drinking
amount surpassed at least quadruple the recommended amounts (56 UK
units/wk) (Table A.4). Regarding the temporal consistency of alcohol
consumption, only 23% of the repeated-measured sub-sample decreased
their alcohol consumption over the follow-up period (Table A.5).

4. Discussion

To our knowledge, this is the first prospective study extensively
investigating the association of alcohol consumption with COVID-19
and infectious diseases mortality. Our findings suggest a curvilinear
association with infectious diseases and pneumonia mortality risk.
Compared to never drinkers, alcohol consumption at amounts ranging
from within-guidelines to at least double the recommendation did not
show detrimental associations with infectious diseases death. Previous
drinkers had a higher risk of infectious disease mortality but not for
COVID-19.

Reviews have shown that alcohol abuse increases both infection
susceptibility and severity as a result of the immunosuppressive effects
of alcohol (Bailey et al., 2021; Barr et al., 2016; Szabo & Saha, 2015),
while moderate consumption (~12 to 25 UK units/wk) potentially en-
hances immune responses (Barr et al., 2016). Our results further sug-
gested that this favorable threshold might be higher as consumption of
up to 42 UK units/wk (336 g/wk of alcohol) (Table A.4). Similar to our
results, another recent prospective analysis of the UK Biobank also
suggested that moderate drinkers had the lowest risk of COVID-19
hospitalization (Hamer et al., 2020). However, it is well established
that high levels of alcohol consumption are linked to severe increases in
risks of cancer (Feng et al., 2020), cardiovascular disease (Perreault
et al., 2017), as well as societal consequences, e.g., domestic violence
(Colbert et al., 2020). One recent meta-analysis reported a dos-
e-response relationship between alcohol consumption and community-
acquired pneumonia (mostly bacterial), as each 1.25 to 2.5 UK units/
d was associated with 8% higher risks (Simou et al., 2018). Since our
finding suggested that only previous drinkers had higher mortality risks
of infectious diseases and pneumonia, future studies are warranted.

5. Limitations

We cannot confirm the causality of the associations we reported due
to the observational design. Especially, a recent Mendelian randomiza-
tion study of cardiovascular disease highlighted that the protective ef-
fects of moderate alcohol consumption could be caused by reverse
causation and residual confounding (Millwood et al., 2019). Although
the UK Biobank was not population-representative and thereby its
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Table 1
Characteristics of study sample by level of alcohol consumption * (n = 437,191).
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Characteristics Total Never Previous Occasional Within Above Guidelines, but Less than At Least Double the
Drinkers Drinkers Drinkers Guidelines Double the Recommended Recommended Amounts
Drinkers Amounts
No. (%) 437,191 16,837 (4) 14,614 (3) 95,949 (22) 147,115 (34) 96,649 (22) 66,027 (15)
(100)
Wkly alcohol units (mean (S. 15.5 NaN (NA) NaN (NA) 1.7 (1.2) 8.2 (3.3) 20.0 (4.0) 45.1 (19.0)
D.)) (16.7)
Male (No. (%)) 201,801 4,817 (29) 6,589 (45) 31,542 (33) 53,361 (36) 54,732 (57) 50,760 (77)
(46)
Age (years) (mean (S.D.)) 56.3 (8.1) 57.0 (8.6) 56.9 (8.0) 55.9 (8.3) 56.6 (8.0) 56.3 (8.0) 56.3 (7.8)
Follow-up (month) (mean (S. 132.2 131.4 129.1 131.9 (17.82) 132.7 (16.5) 132.8 (17.2) 131.7 (19.7)
D.)) (17.8) (18.2) (22.9)
Townsend Deprivation Index —1.4 (3.0) -0.5 (3.9 —0.2 (3.5) -1.0 (3.2) -1.8(2.8) -1.7 (2.9) -1.3(3.1)
(mean (S.D.))
BMI (kg/m?) (mean (S.D.)) 27.3 (4.7) 27.9 (5.6) 28.1 (5.6) 28.1 (5.49) 26.6 (4.4) 27.0 (4.2) 27.8 (4.2)
Vegetable and fruit 4.4 (3.0) 4.9 (3.6) 4.8 (3.6) 4.6 (3.2) 4.5 (2.8) 4.4 (2.8) 4.0 (2.9)
consumption (servings/day)
(mean (S.D.))
Sitting time (hours) (mean (S. 4.8 (2.4) 4.6 (2.7) 5.1 (2.8) 4.9 (2.6) 4.6 (2.2) 4.8 (2.3) 5.1 (2.5)
D.)
Country of residence (No. (%))
England 387,480 14,988 12,897 (88) 84,911 (89) 130,589 (89) 85,382 (88) 58,713 (89)
(89) (89)
Scotland 31,586 (7) 1,186 (7) 1,084 (7) 6,937 (7) 10,538 (7) 7,270 (8) 4,571 (7)
Wales 18,125 (4) 663 (4) 633 (4) 4,101 (4) 5,988 (4) 3,997 (4) 2,743 (4)
Smoking Status (No. (%))
Never 240,617 13,863 6,578 58,789 (61.3) 91,219 (62.0) 47,026 (48.7) 23,142 (35.0)
(55) (82.3) (45.0)
Previous 152,832 2,018 5,905 26,865 (28.0) 46,627 (31.7) 40,149 (41.5) 31,268 (47.4)
(35) (12.0) (40.4)
Current 43,742 956 (5.7) 2,131 10,295 (10.7) 9,269 (6.3) 9,474 (9.8) 11,617 (17.6)
(10) (14.6)
Physical activity (No. (%))
<10 MET hs/wk 97,819 4,467 (27) 3,864 (26) 24,278 (25) 32,231 (22) 19,342 (20) 13,637 (21)
(22)
10-<20 MET hs/wk 76,770 2,969 (18) 2,340 (16) 16,530 (17) 26,838 (18) 17,074 (18) 11,019 (17)
18)
>=20 MET hs/wk 262,602 9,401 (56) 8,410 (58) 55,141 (58) 88,046 (60) 60,233 (62) 41,371 (63)
(60)
Sleep Duration (No. (%))
<7h/d 23,756 (5) 947 (6) 1,143 (8) 5,998 (6) 6,298 (4) 4,712 (5) 4,658 (7)
7-9 h/d 265,659 9,786 (58) 8,853 (61) 57,899 (60) 86,506 (59) 59,216 (61) 43,399 (66)
(61)
>9%h/d 147,776 6,104 (36) 4,618 (32) 32,052 (33) 54,311 (37) 32,721 (34) 17,970 (27)
(34)
Infectious Diseases Death (No. 3545 (0.8) 162 (1.0) 269 (1.8) 843 (0.9) 884 (0.6) 675 (0.7) 712 (1.1)
(%))
Pneumonia Death (No. (%)) 2614 (0.6) 113 (0.7) 202 (1.4) 587 (0.6) 648 (0.4) 507 (0.5) 557 (0.8)
Coronavirus Death (No. (%)) 318 (0.1) 19 (0.1) 22(0.2) 72 (0.1) 74 (0.1) 84 (0.1) 47 (0.1)

2 The level of alcohol consumption was based on the UK guideline. Occasional Drinkers were those who reported drinking on special occasions or one to three times a
month. Participants reported drinking at least once per week were further categorized based on their weekly drinking unit as: within guidelines (<14 UK units/wk);
above guidelines (14 to < 28 UK units/wk); double guidelines and over (>28 UK units/wk).

generalizability was limited, the distribution of alcohol consumption in
the present sample was aligned with the result of the national health
survey (Health Survey for England 2018, 2019). The self-reported
measure of alcohol may be prone to systematic under-reporting
(Stockwell et al., 2016). All the exposures and covariates were
assumed to be constant throughout the follow-up in the statistical
modelling, and we were not able to assess change in the alcohol con-
sumption associated with the COVID-19 pandemic. The present study
focused on the fatal events; the association of alcohol consumption with
non-fatal outcomes might be different. Lastly, we did not distinguish
different kinds of pneumonia, as most pneumonia death events in our
sample were not organism-specific.

6. Conclusions
Alcohol consumption was not associated with increased risks of

COVID-19 and other infectious diseases death in this study. However,
future research with a study design less susceptible to confounding and

reverse causation (e.g., Mendelian randomization) is needed to confirm
causality.
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Fig. 1. Hazard Ratios for (a) Infectious Diseases, (b) Pneumonia, and (c) COVID-19 Mortality Between Quartiles-Based Alcohol Consumption. Models were adjusted
for age, sex, socioeconomic status (Townsend deprivation index), BMI, smoking status, major illness (cardiovascular diseases, diabetes mellitus, cancer, chronic
respiratory diseases, hepatic diseases, human immunodeficiency virus disease), diet (vegetable and fruit consumption), physical activity, sedentary behavior, and
sleep duration. In analyses of COVID-19, models were further adjusted for country of residence.
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Fig. 2. Hazard Ratios for (a) Infectious Diseases, (b) Pneumonia, and (c) COVID-19 Mortality Between UK Guidelines-Based Alcohol Consumption. Models were
adjusted for age, sex, socioeconomic status (Townsend deprivation index), BMI, smoking status, major illness (cardiovascular diseases, diabetes mellitus, cancer,
chronic respiratory diseases, hepatic diseases, human immunodeficiency virus disease), diet (vegetable and fruit consumption), physical activity, sedentary behavior,
and sleep duration. In analyses of COVID-19, models were further adjusted for country of residence.
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