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Abstract

Introduction: The health effects of alcohol are well established but the influence on pulmonary function
remains debated. Studies indicate that small amounts of alcohol are beneficial and heavy consumption is
harmful, suggesting a U-shaped association. Our objective is to determine whether there is an association
between alcohol intake and changes in pulmonary function parameters, exploring the potential protective
effect of moderate alcohol consumption and the harm caused by heavy drinking.

Methods: A comprehensive search from PubMed, Embase, Cochrane and CINAHL was carried out, and
studies were evaluated using the JBI methodological framework for scoping reviews. Two independent
reviewers conducted parallel screening and data extraction. A data extraction form was utilised to organise
key themes, with qualitative analysis and visual representation of the results.

Results: Among 4427 screened abstracts, 179 underwent full-text review, resulting in 30 eligible studies. Of
these, 10 showed a negative effect, nine reported no impact, nine exhibited a positive effect and two indicated
a nonlinear U-shaped association between alcohol consumption and pulmonary function parameters.
Conclusion: While the U-shaped curve hypothesis remains unconfirmed by the current literature, there are
notable associations. Heavy alcohol consumption appears to negatively affect pulmonary function, while
low to moderate intake shows a positive influence in included studies. However, the diversity in study
quality, the nonstandardised alcohol intake quantification and the confounding role of smoking challenge
definitive conclusions. The need for consistent, long-term international studies is evident to further explore
this relationship while addressing the complex interplay between alcohol and smoking.

Introduction

Alcohol, primarily ethanol, is known for its diverse acute and chronic physiological effects. When alcohol
is consumed, it is rapidly absorbed into the bloodstream and subsequently distributed throughout the body,
including the respiratory system.

Alcohol consumption is one of the most important treatable behaviours affecting public health in the
world. An estimated 2.3 billion people are current drinkers and every year approximately 3 million deaths
worldwide are caused by harmful use of alcohol [1]. While there is no safe lower limit for smoking and a
linear dose-response relationship between the amount of tobacco smoked and the harm, a U-shaped dose
response relationship between alcohol consumption and both cardiovascular and respiratory disease and
overall mortality has been suggested [2—4]. However, there is strong evidence that heavy consumption is
harmful [5] and a systematic review and meta-analysis found no significant reductions in risk of all-cause
mortality in those who drank less than 25 g-day ™" of ethanol [6]. In 2023, The World Health Organization
published a statement in The Lancet Public Health, stating “when it comes to alcohol there is no safe
amount that does not affect health” [7, 8].
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Alcohol abuse refers to a pattern of excessive and harmful alcohol consumption that can lead to physical,
psychological and social problems. The definition of alcohol abuse varies across different diagnostic
classifications, such as the International Classification of Diseases [9] and the Diagnostic and Statistical
Manual of Mental Disorders [10]. The Alcohol Use Disorders Identification Test (AUDIT) [11] is widely
used in healthcare settings worldwide to assess alcohol consumption patterns, identify potential
alcohol-related problems and to determine the likelihood of alcohol use disorder (AUD). In clinical
practice, the diagnosis of alcohol problems is based on medical history, clinical signs, detection of
biological, psychological and social markers of alcohol damage, and possible specific blood tests, such as
those examining gamma-glutamyl-transferase (GGT) and carbohydrate-deficient transferrin (CDT).

One fundamental aspect of alcohol abuse is the consumption of alcohol in quantities that exceed
recommended guidelines or thresholds established by health authorities. There is no consensus on the
standard drink size, as the modal standard drink is 10 g pure ethanol, but variations from 8 to 20 g are
reported [12]. The same variability is seen for low-risk drinking guidelines ranging from 10—42 g-day™* for
women and 10-56 g-day ™" for men to 98-140 g-week * for women and 150-280 g-week * for men [12].

Research into the relationship between alcohol consumption and pulmonary function has yielded
conflicting results, contributing to the complexity of this association. Chronic alcohol abuse has been
associated with detrimental effects on lung health. These adverse effects include decreased cough reflex,
impaired mucociliary clearance, increased susceptibility to pulmonary infections and increased risk of
developing acute respiratory disease [13—15]. However, recent studies have suggested that light to moderate
alcohol consumption may lead to improved pulmonary function and a reduced risk of symptom burden in
COPD [4, 16]. These findings have sparked considerable interest and raised questions about the nature and
extent of alcohol’s impact on the respiratory system. However, investigating the association between
alcohol consumption and pulmonary function is complex as the high prevalence of smokers in most
studies is an important confounder. Also, factors such as the amount, frequency and duration of alcohol
intake, beverage preference, together with overall health status, may contribute to variations in the observed
outcomes. Therefore, understanding the nuanced relationship between alcohol and pulmonary function
requires a comprehensive examination of available research and a synthesis of existing knowledge.

This scoping review aims to provide a comprehensive overview of the current state of research regarding
the effects of alcohol on pulmonary function in individuals aged 18 and older to identify whether there is
an association between alcohol intake and changes in pulmonary function parameters. We aim to explore
the potential protective effect of small to moderate amounts of alcohol and the harmful effect of larger
doses to investigate whether existing literature can confirm the theory of the U-shaped association.

Methods

Search strategy

According to the guidelines outlined in the JBI Manual for Evidence Synthesis [17], a research protocol
was developed [18].

Reporting followed the Preferred Reporting Items for Systematic Reviews and Meta-analyses extension for
Scoping Reviews guidelines [19]. The systematic search for methods to assess the effect of alcohol on
pulmonary function was conducted in PubMed, Embase, CINAHL and Cochrane (1 March 2023) (details
of the searches can be found in the supplementary material). The systematic search included MESH-terms
“Respiratory Function Tests”, “Alcohol Drinking”, “Alcoholism” and “Alcoholic beverages”. The same
search terms were used in Embase, CINAHL and Cochrane, with relevant search word terms and free word
search, and finally a chain search. Synonyms, near-synonyms, acronyms and index terms for each keyword
were also identified. The literature search was conducted under the supervision of a research librarian from
Aalborg University with great experience in securing high-quality systematic research. Only studies in
English, Danish, Norwegian or Swedish were included. There were no limitations concerning publication
year. Reference lists of included studies were hand-searched and citation searching was conducted to
identify additional relevant studies within the field.

Eligibility criteria

Full-text studies were included if 1) studies were observational, 2) participants were adults (aged
>18 years), 3) papers held information about pulmonary function (as a minimum, data on forced expiratory
volume in 1 s (FEV,)), alcohol consumption and smoking status (as never-smoker, former smoker or
current smoker). Animal, in vitro, clinical and autopsy studies were excluded together with editorials,
reviews, case reports and conference abstracts.
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Review process: data collection and analyses

The articles were transferred to the software program Covidence and checked for duplicates [20]. Titles
and abstracts identified from the search strategy were screened for eligibility by two reviewers. For all
eligible abstracts, full-text articles were examined by two reviewers to determine whether they met the
inclusion criteria or not. Any disagreements were discussed and, if no consensus could be reached, a third
reviewer was consulted. Relevant data (study design, study setting, population, pulmonary function and
alcohol consumption) from eligible articles were extracted by a reviewer and verified by a second reviewer.
No formal assessment of the quality of the included articles was performed. To investigate the effect of
alcohol on pulmonary function, we described the definitions of alcohol consumption, the definitions of
pulmonary function changes and the different pulmonary function parameters.

Results

Study overview

Figure 1 describes the screening process. Of 4427 abstracts, 179 were selected for full-text review. A total
of 30 articles reporting alcohol and pulmonary function in adults (aged >18 years) was included in the
final dataset (figure 1) [4, 16, 21-48]. Table 1 shows the characteristics of the included studies.
Geographically, 47% of the studies were conducted in North America [21, 24, 28, 30, 31, 34, 38, 41, 42,
44-47], 37% in Europe [4, 23, 25-27, 33, 35-37, 43, 48], 17% in Asia [16, 29, 32, 39, 40] and one study
in Nigeria [22]. Timewise, 47% of the studies were published before 2000 [21-26, 31, 42-48]. The most
recent studies were from 2022 [40, 41].

Study methodology
All 30 studies were observational. A strictly cross-sectional study design was used in 21 (70%) of the
studies [4, 22, 24, 25, 27-34, 36, 37, 39, 41-46], four (13%) used a combined cross-sectional and
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FIGURE 1 Flow diagram of study selection process, as depicted by the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines [71].
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TABLE 1 Extracted results e included studies in the review

First author Country Year Study design Subjects, n Alcohol consumption Study population Results
[ref.] (male/female)
Negative effects
EmiReiL [31] USA 1974 Cross-sectional 23 (19/4) Pint years: pints per day times the Selected group from detoxification unit TLC, RV, VC and FEV, declined with increasing alcohol
number of years of intake consumption
EmiraiL [42] USA 1977 Cross-sectional 44 (25/19) Pint years: pints per day times the Selected group from members of Alcoholics ~ 64% of subjects had abnormal expiratory flow rates, 39% had
number of years of intake Anonymous an elevated value for the ratio of RV to TLC
SBDC was abnormal in 16%
SarIC [43] Yugoslavia 1977 Cross-sectional 763 (763/0) None or occasional: 0.5 L wine daily Selected group of workers from a Reduced FVC was primarily connected with age, and when all
USA Daily: >1 L wine and spirits per day ferromanganese factory, an electrode three factors (alcohol, smoking and age) were combined
production factory and a light metal plant Reduced FEV; was associated with alcohol consumption and
age separately but not smoking habit
Alcohol consumption combined with age and when all three
factors (alcohol, smoking and age) were combined was
statistically significant
LesowiTz [46] USA 1981 Cross-sectional 2637 (1164/1473) Non-/light drinkers: Population sample of white non-Mexican Negative correlation in young male and female heavy smokers
<0.25 ounces-week ™ Americans residing in Tucson Arizona between total amount of alcohol consumed and FEV; and FVC
Moderate drinkers:
0.25-6.25 ounces-week "
Heavy drinkers:
>6.25 ounces-week
Oteru [22] USA 1987 Cross-sectional 60 (60/0) Bottle-years: number of bottles of beer Selected group of workers in a Lifetime alcohol intake was negatively correlated with
Nigeria consumed per day times the number of cotton textile factory in Lagos pulmonary function and obstructive and restrictive pulmonary
years of intake disease parameters
Together with weight, alcohol bottle-years accounted for 18—
22% of the variation in pulmonary function in a forward and
reverse stepwise regression analysis
Lance [23] Denmark 1988 Longitudinal 8765 (3751/5014) ALC1: Never or rarely a monthly drink Population-based study Loss of FEV; and FVC tended to be greater in the group with
ALC2: <30 g-week* highest alcohol consumption compared to the other groups
ALC3: >30-<140 g-week* Alcohol consumption was positively correlated to the annual
ALC4: >140-<350 g-week’1 decrease in FEV; and FVC
ALC5: >350 g-week
Zureik [26] France 1996 Cross-sectional 328 (328/0) 1) 0-25 g-day™* Selected group of policemen In both 1980 and 1990 surveys age and height adjusted FEV,
Longitudinal 2) 26-60 g-day* was negatively associated with alcohol consumption and GGT
3) >60 g-day ™" Adjustment for covariates did not alter the results
When daily alcohol consumption and log GGT were fitted as
continuous variables in the multiple regression model, the test
of trend was all significant
VC displayed associations with alcohol consumption and GGT
categories like those observed for FEV;
StrOM [25] Sweden 1996 Cross-sectional 478 (478/0) 1) 0-40 g~week’1 Selected group of men born in even months in  All men: after correction for smoking status and BMI, TLC and

2) 41-115 gweek *
3) >115 g-week *

1914 in Malmé

RV were significantly positively related to alcohol intake
Current smokers: after correction for current tobacco
consumption and BMI, TLC and RV were significantly positively
correlated with alcohol intake
Smokers with obstruction: after correction for current tobacco
consumption and BMI, TLC and RV were significantly positively
correlated with alcohol intake

Continued
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TABLE 1 Continued

First author Country Year Study design Subjects, n Alcohol consumption Study population Results
[ref.] (male/female)
FranTz [36] Sweden 2014 Cross-sectional 450 (185/265) Based on AUDIT: Population-based study Heavy drinking (CDT level) compared to nonheavy drinkers
1) nondrinkers were associated with lower FEV;/VC and D, co
2) moderate drinkers For heavy and nonheavy drinkers, a significant difference was
3) hazardous drinkers seen for D, co When adjustments were made for several
CDT >2.0%: heavy alcohol consumption covariates
After adjusting for crude lung function variables for covariates,
a higher CDT was associated with lower FEV;, VC, FEV,/VC and
Dico
Multiple regression showed an association between CDT and
both FEV; and D ¢ in all alcohol drinkers but not in
never-smokers
SORLI-AGUILAR Spain 2016 Cross-sectional 207 (91/116) Units-week ™ Randomised smokers without respiratory More than two- or three-times prevalence of impaired lung
[37] Divided into: disease selected from 20 primary healthcare function in the medium and highest tertiles of the
1) lower tertile centres alcohol-consumption pattern compared with the lowest
2) middle tertile The differences between tertiles were more intense in women
3) upper tertile
No effects
CoHen [44] USA 1980 Cross-sectional 2519 (1282/1237) Based on quantity, frequency and Population-based study Unadjusted mean values of FEV;/FVC were significantly lower
maximal consumption: for heavy than for light drinkers
1) light The differences disappeared when adjustment was made for
2) moderate confounding factors
3) heavy There was also no evidence of an association between alcohol
consumption and airway restriction
SARKAR [45] USA 1980 Cross-sectional 10 (9/1) Pint-years: Selected group from the medical service of the ~ Mean values in all pulmonary function studies were within
average daily consumption Hospital for Joint Diseases and Medical Center, normal limits
times number of years of alcoholism New York, and outpatients
All were chronic heavy drinkers and
nonsmokers
Sparrow [47] USA 1983 Cross-sectional 1067 (1067/0) 1) 0-0.25 ounces-week * Selected group of white men from the A multiple regression analysis indicated that alcohol
Longitudinal 2) 0.26-6.25 ounces-week Veterans Administration Outpatient Clinic in  consumption did not significantly influence baseline levels of
3) >6.25 ounces-week * Boston FVC or FEV; after controlling for covariates
Alcohol consumption did not significantly influence follow-up
levels of FVC or FEV, after controlling several covariates
Lyons [48] UK 1986 Case—control 27 (21/6) 1) 0-0.25 ounces-week ™t Selected subjects who were referred for No difference in pulmonary function between alcoholics and
2) 0.26-6.25 ounces-week * assessment and treatment of various controls
3) >6.25 ounces-week * alcohol-related problems
HorrsTein [21] Canada 1987 Longitudinal 33 (32/1) Alcoholics: Selected group of alcoholics admitted to the  In smoking alcoholics, short-term abstinence from alcohol did

1) on average 80 g-day™* or more of
ethanol >3 months prior or
2) on average 160 g-day " ethanol >1
month prior

not influence pulmonary function
Mean values of FVC, FEV, and ratio were within normal range

Addiction Research Foundation Clinical
Institute within 5 days of their last drink

Continued
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TABLE 1 Continued

First author Country Year Study design Subjects, n Alcohol consumption Study population Results
[ref.] (male/female)
GARSHICK [24] USA 1989 Cross-sectional 165 (165/0) Based on quantity and frequency Selected population from the population of Alcohol consumption tended to have a negative effect
kg-year™ and g:month™* veterans in Southeastern Massachusetts on FEV,/height?
Divided into: Subjects recruited from the alcohol
1) lower tertile detoxification and rehabilitation wards
2) middle tertile The study cohort also included male hospital
3) upper tertile employees
SHIN [29] Korea 2003 Cross-sectional 1160 (483/677) 1) 0 drinks-week™* Population-based study The odds of airway obstruction increased with increasing
2) 1-7 drinks-week ™ alcohol intake
3) 8-21 drinks-week ™!
4) >22 drinks-week ™!
Tane [32] Hong Kong 2005 Cross-sectional 300 (300/0) AUDIT, cut-off score: 8 Selected subjects from Hong Kong who sought ~ The drinking group had a higher unadjusted FEV, predicted
compensation for pneumoconiosis than the nondrinking group
The differences between the FEV; of the two groups was not
significant after adjustments for covariates
ZiFopva [41] USA 2022 Cross-sectional 350 (241/109) 1) AUDIT, cut off score: 8 Selected subjects of people living with HIV in In adjusted models, total lifetime alcohol use was not
2) Lifetime alcohol exposure in grams Louisiana associated with FEV,, FVC or FEV,/FVC
3) Early life alcohol use (frequency of In multivariable models no association of AUDIT score with
alcohol use from 10 to 20 years old and FEVy, FVC and ratio was found; a similar result was found
from 21 to 30 years old) related to early alcohol use
4) Recent alcohol use (measured by
whole-blood spot phosphatidyl ethanol
level)
5) Alcohol use latent class: Heavy
drinkers, former heavy drinkers, heavy
drinkers with problems and low-risk
drinkers
Positive effects
Tasak [27] The 2001 Cross-sectional 13651 (6279/7372) 1) None or <1 drink-week™* Population-based study In subjects with low alcohol consumption the FEV; was
Netherlands 2) >1 drink-week* and higher than in nondrinkers
<3 drinks-day™*
3) >3 drinks-day™*
SCHUNEMANN USA 2002 Cross-sectional 1555 (741/814) 1) Never drinkers: Population-based study Positive associations were found between recent and lifetime
[28] <12 drinks in a lifetime wine intake and FEV; and FVC
2) Not current drinkers: >12 or more When analysing white and red wine intake separately, the
drinks in a lifetime, no intake in the past association of lung function with red wine was weaker than for
30 days white wine
3) Current drinkers: alcohol intake in the
past 30 days
In current drinkers, grams of alcohol
calculated
Sisson [30] USA 2005 Cross-sectional 15294 (7135/8159) 1) Lifetime never-drinker Population-based study Low to moderate alcohol intake was associated with better FVC
2) Former heavy drinker and FEV; in the absence of obstruction, consistent with
3) <5 drinks:month™" reduced odds for lung restriction
4) 5-14 drinks‘month™*
5) 15-30 drinks‘month™
6) 31-90 drinks:month™*
7) >90 drinks-month~*
HanseL [33] France 2010 Cross-sectional 149773 (97 406/ 1) No consumption, Population-based study In both genders, respiratory function assessed by FEV; was

52367)

2) Low: fewer than 1 glass-day ™
3) Moderate: 1-3 glasses-day*

—1

4) High: >3 glasses-day
5) Former drinkers

highest in moderate drinkers and lowest in never-drinkers
Similar results after adjustment for tobacco consumption

Continued
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TABLE 1 Continued

First author Country Year Study design Subjects, n Alcohol consumption Study population Results
[ref.] (male/female)
SiepLinski [35] The 2012 Longitudinal 3224 (1560/1664) Grams of wine per day Population-based study The intake of white wine was associated with higher FEV; level
Netherlands Significant interaction of pack-years smoked and white wine
intake with the FEV;
This interaction reflected an association between white wine
consumption and higher FEV; in heavy smokers only
White wine intake was significantly associated with a decreased
risk of airway obstruction
Vasquez [38] USA 2018 Longitudinal 1333 (60-62% female participation in each Longitudinal drinking categories: Population-based study of non-Hispanic white After adjustment for several covariates, as compared to never
survey) 1) never-drinker households in Arizona drinkers, persistent drinkers had higher FVC but a lower ratio
2) inconsistent drinker Differences were due to a slower decline of FVC among
3) persistent drinker persistent than never-drinkers and these trends were present
Quantative drinking exposure independent of smoking status
(drinks'month™): Inconsistent drinking showed similar but weaker associations
1) none After adjustment for potential confounders, light to moderate
2) <5 alcohol consumption was associated with a significantly
3) 5-<15 decreased rate of FVC decline over adult life and associated
4) 15-<30 with protection from restriction
5) 30-<90
6) 90-<140
Cho [39] Korea 2020 Cross-sectional 3262 (1801/1461) AUDIT, cut-off score: 8 Population-based study In nonsmokers, men with AUDIT score >8 demonstrated a
significantly higher FEV;/FVC than those with AUDIT score <8
Makino [16] Japan 2021 Cross-sectional Cross-sectional: 6036 (3696/2340) Based on quantity and frequency, Population-based study Moderate alcohol consumption was positively correlated with
Longitudinal Longitudinal: 1765 (1148/617) g-week ™ were calculated and divided FEV; and FVC in the cross-sectional study
into: In the longitudinal study over 5 years higher baseline alcohol
1) never-drinker consumption, as well as increased alcohol intake over 5 years
2) light attenuated time-related deterioration of FVC without affecting
3) moderate total lung volume
4) heavy This effect was independent of smoking
Wane [40] China 2022 Cross-sectional Cross-sectional: Noncurrent drinkers: weekly intake Population-based study Compared with nondrinkers, moderate alcohol intake was

U-shape association
Tasak [4] The
Netherlands

Sw [34] USA

Longitudinal

2001 Cross-sectional

2010 Cross-sectional

16268 (6451/9817)
Longitudinal: 8914 (not available)

2953 (2953/0)

177721 (81 498/
96223)

previous 6 months; otherwise, they were
regarded as nondrinkers, including
never-drinkers and former drinkers
Drinkers were further divided into:
1) moderate drinkers
2) heavy drinkers

1) No alcoholic drinks
2) <1 drink-week *

3) >1 drink-week™* and

<3 drinks~day’1
4) >3 and <9 drinks-day™*
5) >9 drinks-day™*
1) No alcohol

2) <2 drinks-day™*
3) 3-5 drinks-day™*
4) 26 drinks~day’1

Population-based study in Italy, the
Netherlands and Finland

Population-based study with members of a
comprehensive health plan

significantly associated with increases in FEV; and FVC, after
adjusting for covariates
Regarding beverage type, red wine was associated with
increases in FEV; and FVC in the total population
Moderate alcohol intake was also associated with increases in
FEV; and FVC for liquor and red wine
In the longitudinal analyses, moderate alcohol intake and red
wine were associated with increases in FVC, respectively

In Finland and the Netherlands, pulmonary function was higher
in occasional and light drinkers (>0 and <30 g-day ™) compared
with nondrinkers
In Italy, very heavy drinkers had a lower FEVq 75
than moderate-to-heavy drinkers (>3 and
<12 drinks-day™?)

Light to moderate drinkers of alcohol had better FEV;, FVC and
FEV,/FVC than abstainers
Heavier drinkers had worse lung function

AUDIT: Alcohol Use Disorders Identification Test; BMI: body mass index; CDT: carbohydrate-deficient transferrin; D co: diffusing capacity of the lungs for carbon monoxide; FEV,7s: forced
expiratory volume in 0.75 s; FEV;: forced expiratory volume in 1's; FVC: forced vital capacity; GGT: gamma-glutamyl-transferase; RV: residual volume; SBDC: single breath diffusing capacity; TLC:
total lung capacity; VC: vital capacity.
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longitudinal study design [16, 26, 40, 47], four (13%) were strictly longitudinal (prospective follow-up)
[21, 23, 35, 38] and one study was a case—control study [48].

Population characteristics

Study population sizes varied considerably. The largest study by Siu et al. [34] included 177721 subjects.
The smallest sample size was an observational study by Sarkar et al. [45] with 10 subjects. Gender
distribution also varied greatly, eight studies only included men [4, 22, 24-26, 32, 43, 47] and, in six
studies, more than two thirds of the included patients were men (65-97%) [21, 31, 33, 41, 45, 48]. Some
of the studies had specified study populations. Six studies were conducted on subjects defined as chronic
alcoholics [21, 31, 45], members of Alcoholics Anonymous [42] or patients receiving treatment for various
alcohol-related diseases [24, 48]. The study by Sarkar et al. [45] was the only one conducted on
nonsmoking subjects [45]. Sari¢ et al. [43] and OLERrU et al. [22] conducted their studies on workers
employed in different factories. In two studies, the study population had specific comorbidities, e.g. Tanc
et al. [32] included subjects with pneumoconiosis and Zirobya et al. [41] focused on subjects with HIV.
Adjustments for socioeconomic status and/or education was only described in 10/30 studies [16, 26, 28,
30, 34, 37, 38, 44, 46, 47].

Pulmonary function characteristics

In six studies, both spirometry and body plethysmography, including results for FEV, forced vital capacity
(FVC), FEV/FVC ratio, total lung capacity (TLC), diffusing capacity of the lungs for carbon monoxide
(Dy.co) and residual volume (RV) was carried out [21, 31, 36, 42, 45, 48].

In 18 studies, spirometry with measurements of FEV,, FVC and FEV{/FVC was carried out [4, 16, 22, 23,
26, 29, 30, 32, 34, 35, 37-41, 43, 44, 46]. Three studies only included FEV; and FVC [24, 28, 47] and
two studies only included FEV, [27, 33].

Different definitions of obstructive and restrictive disease were used in the studies. Sisson et al. [30]
defined airway obstruction as FEV/FVC <0.7 and FEV; less than 80%, and restrictive lung function as
FEV/FVC >0.7 and FVC <80%. SHIN et al. [29] defined airway obstruction as FEV/FVC <75% and the
severity of the airway obstruction was further categorised depending on the value of FEV;. Lyons et al. [48]
defined an FEV/FVC <0.8 as indicative of an obstructive defect and Dy o <80% together with a low RV and
a high FEV/FVC as indicative of a restrictive defect.

Definition of alcohol consumption
In the following, we will describe differences in the reporting of consumption and the differences in the
definition of one drink.

Four studies expressed alcohol consumption in terms of grams per day or week [23, 25, 35, 48]. Three of
these studies further subdivided the subjects into different categories in terms of their alcohol consumption
with varying definitions for each study [23, 25, 35].

In the study by OrERu et al. [22], alcohol consumption was expressed as lifetime intake in bottle-years, i.e.
the average daily consumption in bottles of beer times the number of years of intake. Two studies used the
measure pint-years defined as average daily consumption in pints times the number of years of alcoholism
[31, 45]. Three studies used alcoholic drinks consumed per day/week and divided subjects into different
categories depending on the number of alcoholic drinks [4, 34, 38]. Four studies used the AUDIT score to
divide people into different categories [32, 36, 39, 41]. Frantz et al. [36] used an increase in CDT as an
indicator of heavy alcohol consumption and Zureik et al. [26] used GGT as a biological marker of
drinking. ScHUNEMANN et al. [28] and Sisson et al. [30] used extensive questionnaires regarding alcohol
consumption during the previous 30 days and the participants’ lifetime.

19 studies included a specific definition of one drink [4, 21-24, 26-31, 33, 34, 38-40, 42, 47, 48]. TaBak
et al. [4, 27] defined a drink as containing 10 g of alcohol and SHin et al. [29] defined one drink as
equivalent to an intake of 12.5 g ethyl alcohol.

Definition of tobacco consumption

In 10 studies, the population was described as never, former or current smokers [4, 16, 28, 29, 32, 33, 35,
38, 40, 41] and 14 studies gave more detailed definitions [23, 24, 44, 46-48, 25, 26, 30, 34, 36, 39, 42, 43].
Three studies defined pack-years as the number of cigarettes per day/20 and the number of years smoking
[27, 37, 46]. Another study defined a packet of cigarettes as 25 cigarettes [4].
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Negative effect of alcohol on pulmonary function

As described in table 1, 10/30 studies found alcohol to have a negative effect on pulmonary function [22,
23, 25, 26, 31, 36, 37, 42, 43, 46]. In all of these studies, heavy alcohol consumption was associated with
a negative effect on pulmonary function. LaNGE et al. [23] found, in a study of 8765 subjects, that loss of
FEV, and FVC was greater in a group consuming more than 350 g-week ' of alcohol compared to the
other groups. In a study by Frantz et al. [36] that included 450 subjects, it was found that heavy drinkers
(defined from CDT score) had significantly lower Dy o and FEV{/FVC than nonheavy drinkers. This was
also seen after adjustments for several covariates. Multiple regression showed an association between CDT
and both FEV, and Do in all alcohol drinkers except never-smokers. In six studies, smoking was
identified as a confounder on the effect of alcohol on pulmonary function [25, 31, 36, 37, 42, 46]. The
studies by EmrciL et al. [31, 42] included 91-96% smokers, LEBowitz et al. [46] only found a negative
effect in heavy smokers and, in the study by Sorri-Acuiar et al. [37], all the subjects were smokers.
Strom et al. [25] found, in a study of 478 subjects, that TLC and RV increased in relation to alcohol
intake, but only in current smokers and smokers with obstruction.

No effect of alcohol on pulmonary function

As shown in table 1, nine studies found no significant association between alcohol consumption and
pulmonary function parameters [21, 24, 29, 32, 41, 44, 45, 47, 48]. Although five studies found both
negative and positive effects of alcohol intake on pulmonary function, these associations were no longer
found when adjusting for covariates, such as smoking, socioeconomics and age [24, 29, 32, 44, 47]. This
effect was seen in both light drinkers [29, 32, 47] and heavy drinkers [24, 44, 47]. The only study within
this review involving nonsmokers, conducted by Sarkar et al. [45], found no association between alcohol
consumption and pulmonary function. A recent study from 2022 by Ziropva et al. [41] found no association
between the AUDIT score and FEV;, FVC and FEV/FVC in multivariable analysis. Similar results were
found when analysing subjects with frequent early alcohol use from the ages of 10-20 and 21-30 years old.
In the study by HorrsTEIN et al. [21], there was no improvement in pulmonary function within 4 weeks of
abstinence from alcohol. This is in line with the findings of EmrcIL et al. [31] and Lyons et al. [48] where
abstinence for periods averaging 9 days and 11 weeks did not alter pulmonary function.

Positive effect of alcohol on pulmonary function

As shown in table 1, nine studies found alcohol to have a positive effect on pulmonary function [16, 27,
28, 30, 33, 35, 38—40]. Six studies showed a positive association between low to moderate alcohol intake
on pulmonary function compared to nondrinkers [16, 27, 30, 33, 38, 40]. Vasquez et al. [38] found that
persistent drinkers had higher FVC compared to never-drinkers after adjustment for confounders. After
adjustment for potential confounders, light to moderate alcohol consumption was associated with a
significantly decreased rate of FVC decline throughout adult life. The cross-sectional studies by Wanc
et al. [40] and Makmo et al. [16] both found that moderate alcohol intake was positively correlated with
FEV, and FVC. These two longitudinal studies found that moderate alcohol intake and red wine were
associated with an increase in FVC and 5-year attenuated deterioration of FVC, respectively [16, 40]. The
positive association between wine consumption and pulmonary function was also studied by ScHUNEMANN
et al. [28] and StepLINsKI et al. [35]. ScHUNEMANN et al. [28] found positive associations between recent
and lifetime wine intake and FEV;% and FVC% [28]. When analysing white and red wine intake
separately, the association between pulmonary function and red wine was weaker than for white wine.
Sieprinski et al. [35] found that intake of white wine was associated with a higher FEV, level and a
decreased risk of airway obstruction. They found no association between red wine intake and FEV,, FVC
or airway obstruction.

U-shaped association between alcohol consumption and pulmonary function

As shown in table 1, two studies studied the U-shaped association with pulmonary function [4, 34]. TaBAK
et al. [4] compared pulmonary function with alcohol consumption in three European countries. Analysis of
data from 2953 middle-aged men from Finland, Italy and the Netherlands showed a U-shaped risk curve
where reduced pulmonary function was observed among nondrinkers compared with occasional and light
drinkers and among very heavy drinkers compared with moderate to heavy drinkers. Importantly, the
U-shaped risk curve was independent of age, height, body mass index, smoking status or country. These
findings were supported by Sw et al. [34] who found, in a study of 177721 subjects, that mean FEV;,
FVC and FEV/FVC ratios were lower in both abstainers and the heaviest drinkers (six or more drinks per
day), compared to subjects with an intermediate alcohol intake.

Discussion
In this systematic scoping review, 10/30 studies showed a negative effect on pulmonary function
parameters, 9/30 studies showed no effect on pulmonary function parameters, 9/30 studies showed a
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positive effect on pulmonary function parameters and 2/30 studies showed a nonlinear U-shaped
association of alcohol with pulmonary function parameters.

Negative or no effects of heavy alcohol consumption on pulmonary function

We found conflicting results regarding heavy alcohol consumption and pulmonary function. 10 studies
found that heavy alcohol consumption was associated with a negative effect on pulmonary function [22,
23, 25, 26, 31, 36, 37, 42, 43, 46]. Six studies with heavy drinkers did not show an effect on pulmonary
function [21, 24, 29, 45, 47, 48]. In three of those studies, the associations disappeared when adjusting for
covariates [24, 29, 47]. In both groups of negative and no effect of alcohol on pulmonary function, the
majority of the studies are more than 20 or 30 years old [21-26, 31, 42, 43, 45-48]. As such, there may be
socioeconomic confounders that are unaccounted for in these studies. In addition, the majority of the
studies in both groups had small study populations [21, 22, 24-26, 31, 36, 37, 42, 45, 48]. Selection bias
may therefore also influence results. Not least, the studies had different definitions of alcohol consumption
and of former and current alcoholism, making it difficult to compare the different studies. It is therefore
very difficult to draw any conclusions based on these studies.

The studies by LANGE et al. [23] and Sparrow et al. [47] had comparable study designs; however,
they arrived at different results. Yet, they differed in terms of their definition of high alcohol consumption.
SparrOW et al. [47] defined high intake as exceeding 6.25 ounces-week ', whereas the threshold given by
LANGE et al. [23] was almost twice as high, at 350 g~week‘1, which may have influenced the outcome. The
population studied by Sparrow et al. [47] had no chronic medical conditions prior to inclusion, which
hypothetically could exclude heavier drinkers. As such, this may still indicate a negative effect of a very
high alcohol intake on pulmonary function and thereby still support the theory of a U-shaped curve.

The confounding effect of smoking

In 6/10 of the studies finding heavy alcohol to have a negative effect on pulmonary function, smoking
influenced the association between alcohol intake and pulmonary function [25, 31, 36, 37, 42, 46]. In the
studies by Frantz et al. [36] and STrOM et al. [25], no effect of alcohol on pulmonary function in
never-smokers was found, which correlates with the studies by Cror et al. [39] and WanG et al. [40] that
found a positive association between alcohol consumption and pulmonary function but only in
nonsmoking subjects. The lack of a smoking effect in the study by OLEruU et al. [22] could be attributed to
the mean number pack-years being only 3.6. Sari¢ et al. [43] only found a decrease in FVC when
correcting for age and smoking, whereas no effect was seen in terms of FEV,. The mean age was,
however, only 37 years, so a possible effect may become evident in the years ahead.

In 3/6 studies that in the final analyses did not find an effect of heavy alcohol on pulmonary function, the
effects of alcohol on pulmonary function seen in the crude analyses disappeared when adjusting for
covariates such as smoking [24, 29, 47]. In the three other studies, study design and lack of smokers could
be part of an explanation. In the study by HorrsteIN et al. [21], all of the subjects were either current or
former smokers. However, the study looked at improvement in pulmonary function following abstinence of
alcohol for 4 weeks and such an improvement was not observed; as such, the study design did not align
with any of the other included studies. In the case—control study by Lyons et al. [48], 23/27 participants
were current or former smokers and the cases were matched on smoking history and pack-years. Both
groups had impaired pulmonary function in 13 and 15 of the cases, probably related to smoking, but no
association with alcohol intake was seen.

Only one study was conducted in nonsmokers and showed no effect of alcohol consumption on pulmonary
function; however, only 10 subjects were included in this study [45].

As mentioned in the various studies, the examination of a nonsmoking subgroup has elucidated distinct
findings regarding the impact of alcohol consumption on pulmonary function. Alcohol appears to have no
effect on or a positive association with pulmonary function in nonsmokers in several studies [25, 36, 39,
40, 45]. In smokers, the beneficial effect of alcohol intake on pulmonary function appears to be
counteracted by the detrimental effects of cigarette smoking. Notably, LaNGe et al. [23] reported a
deleterious effect of heavy alcohol consumption on pulmonary function, particularly in nonsmokers.
However, it is pertinent to note that this study lacks a distinct category for former smokers, raising the
possibility that these individuals may have been included within the nonsmoking subgroup, potentially
confounding the observe results.

Moreover, EMIRGIL et al. [42] highlighted the presence of COPD in 3/4 never-smoking women, suggesting
a potential role of past alcoholism in the pathogenesis of COPD among female former alcoholics.
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Nevertheless, the statistical power of this study was low and crucial environmental factors influencing
pulmonary health were not adequately described.

It is well established that smoking has a huge effect on the pulmonary function [49]. We know that the
prevalence of respiratory disease in alcoholics is high, but as seen in this review the results regarding the
effect of alcohol on pulmonary function are inconsistent and a major reason for this is the co-existing use
of tobacco and alcohol. People with AUDs are two to three times more likely to smoke cigarettes than
those without AUDs [50]. Taken together, there is a complex interplay between tobacco and alcohol use.
Based on the current studies, it is not possible to dissect the effects of the two on pulmonary function.
Future studies on alcohol’s effect on pulmonary function should preferably be performed in nonsmokers or
account for a very detailed smoking history.

Biological causes of the negative effects of alcohol

Besides tobacco smoking, we know that excessive alcohol consumption predisposes individuals to
infectious diseases such as pneumonia [13], especially Klebsiella pneumoniae [51] and Streptococcus
pneumoniae [52], as well as acute respiratory syndrome [14, 53]. Many factors may contribute to this.
People who abuse alcohol are at greater risk of aspiration of gastric acid, impairment of mucociliary
clearance [15, 54] and the effects of alcohol on the immune system [55-57]. The living conditions of
heavy drinkers are often challenging, which may also predispose them to infections and liver damage [58].
In addition, high alcohol consumption is often associated with malnutrition [59], which can result in
impaired immunity and an increased risk of community-acquired pneumonia [60]. However, this potential
damage may not be significant in generally healthy free-standing populations.

Positive effects of light to moderate alcohol consumption on pulmonary function

Six studies found a positive link between low to moderate alcohol intake and pulmonary function when
compared to nondrinkers [16, 27, 30, 33, 38, 40]. These studies contrast with studies that report negative
or no effects. The six studies comprise larger studies with more subjects (ranging from 1333 to 149773
subjects) and are more recent, with the oldest study from 2001 [27] and the most recent from 2022 [40].
There was no difference between the number of longitudinal and cross- sectional designs between the three
groups of studies.

MakiNo et al. [16] conducted a large cross-sectional and longitudinal study in 2021 and found a positive
association between alcohol intake and pulmonary function. These results are supported by the longitudinal
study by Vasquez et al. [38]. After adjustment for various variables, as compared to never-drinkers,
persistent drinkers had a slower decline of FVC and this trend was present independent of smoking status.
The strength of the study by Vasquez et al. [38] is its large study population, encompassing drinking data
collected over a 20-year follow-up period. Also, the subjects performed repeated pulmonary function tests
in up to 11 surveys, which allows for an comprehensive assessment of the pulmonary function trajectory
over time. A limitation is that they restricted analysis to light and moderate consumers of alcohol and, in
turn, removed the influence of heavy drinking as subjects who reported heavy alcohol intake defined as
more than 140 drinks-month™" were excluded from primary analyses. The study by Sisson et al. [30]
supports that alcohol can have a positive association with pulmonary function. Compared to “lifetime
never-drinker” group, all categories of alcohol intake, except for the “former heavy drinker” group, were
associated with a lower prevalence of pulmonary restriction. They found that “former heavy drinkers”
appeared to have a higher prevalence of pulmonary obstruction. This can possibly be explained by
smoking because the least common grouping “former heavy drinker” with “never-smoker” represented
only 0.5% of the study population [30].

The positive effect of wine on pulmonary function

ScHUNEMANN et al. [28] and Sieprinski et al. [35] found a positive association between white wine and
pulmonary function. Reverse causation could potentially be a concern in this context, as people with better
health and pulmonary function might be more affluent and more likely to drink white wine. However,
adjustments for factors known to be associated with better pulmonary function (e.g. higher socioeconomic
status and other beneficial health factors) did not substantially change the effect estimates. Indeed, in vivo
and in vitro studies have shown that polyphenolic compounds such as resveratrol and quercetin, found in
red wine, have been shown to have antioxidant and anti-inflammatory effects [61-63]. This may explain
the pronounced benefits of red wine on pulmonary function. The studies on red wine did not show a
significant effect on pulmonary function, with the exception of Wang et al. [40]; whereas Conen et al. [44]
failed to find a protective effect of wine intake on pulmonary function whatsoever.
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Biological causes of the positive effects of alcohol

Besides the possible beneficial effects of antioxidants, several other protective effects of alcohol have been
suggested. A bronchodilator effect of alcohol has been shown in people with asthma, likely due to
relaxation of bronchial smooth muscle [64, 65]. Other reasons could be that alcohol has been shown to
lower inflammatory markers such as white blood cells and fibrinogen, indicating possible mechanisms and
suggesting protection against inflammation at low intake but a poor anti-inflammatory response at high
intake [66-68]. Along the same lines, one study suggested that while heavy alcohol exposure may impair
mucociliary clearance, exposure to light to moderate alcohol may actually improve airway clearance [69].
Taken together, although evidence is still sparse, some studies indicate that a mild intake of alcohol,
especially wine, may have a protective effect on pulmonary function.

U-shaped association between alcohol and pulmonary function

Two studies specifically studied the U-shaped association between alcohol consumption and pulmonary
function and both studies found a U-shaped risk curve [4, 34]. This is in line with most of the results
presented earlier in this review where we found that heavy alcohol consumption might have a negative
effect on pulmonary function whereas a moderate to low intake might have a positive effect on pulmonary
function. A limitation in the study of Siu et al. [34] is that the reference group consisted of nondrinkers,
defined as someone who did not drink during the previous year, thereby failing to separate ex-drinkers
from lifelong abstainers. The group could potentially contain people with alcohol-related or other medical
problems and thereby make light to moderate drinkers spuriously appear healthier. They attempted to deal
with the “sick quitter” problem by studying the subcohort with no evidence of cardiovascular and
respiratory diseases. It remains to be clarified whether the beneficial effect of light alcohol consumption
compared with not drinking alcohol regularly is caused by a direct effect of alcohol in the studies or by a
confounding effect of ill health among ex-drinkers or by differences in other characteristics between the
subjects in the different categories of alcohol consumption. Altogether, more studies investigating the
U-shaped curve are needed to confirm the theory.

Association between alcohol intake and spirometric restriction versus obstruction

In this review we have examined various associations between light and heavy alcohol consumption and
spirometric parameters indicative of restriction and obstruction. Studies conducted by Vasquez et al. [38],
Sisson et al. [30] and MakiNo et al. [16] investigated pulmonary restriction, revealing a positive association
with light to moderate alcohol consumption. However, Makino et al. [16] and Vasquez et al. [38] also
noted a negative impact of alcohol on the FEV/FVC ratio. This observation aligns with earlier findings
indicating a detrimental effect of alcohol on obstructive parameters, particularly associated with heavy
alcohol intake [23, 25, 29, 31, 36, 42, 46]. Sisson et al. [30] highlighted that individuals with a history of
heavy alcohol consumption exhibited significantly increased odds of pulmonary obstruction compared to
those who had never consumed alcohol [30]. Additionally, MakiNo et al. [16] demonstrated that the decline
in FEV{/FVC ratio increased with increased total alcohol intake [16]. Conversely, Sieprinski et al. [35] found
that the consumption of white wine was associated with a reduced risk of airway obstruction. Furthermore,
CHor et al. [39] reported a significantly higher FEV,/FVC ratio among nonsmokers with higher AUDIT scores
compared to those with a lower score. These findings indicate that alcohol intake may exert varying effects on
restrictive and obstructive pulmonary function. Moreover, the quantity of alcohol consumed appears to
influence these outcomes. Consequently, drawing definitive conclusions regarding the impact of alcohol on
pulmonary function parameters remains challenging.

Limitations

There are limitations to this review. First and foremost, the studies did not use comparable measures for
alcohol intake. Whereas pack-years for tobacco intake has become a generally accepted terminology, a
similar quantification of alcohol intake does not exist [70]. Secondly, the studies have different
stratifications for mild, moderate and heavy use, which is very consistent with the worldwide differences in
recommendations for acceptable intake.

In most studies the recorded smoking history and alcohol consumption rely on self-reported data. This
opens up the possibility of subjects either under- or over-reporting their smoking or alcohol habits and in
several studies recall bias may also exist as people are asked to report previous use. Likewise, there may be
a selection bias in the included studies as those who abstain from participation might be in poorer health
and diverse factors contribute to the divergent outcomes observed in the studies. Individuals who formerly
had high alcohol intake might have ceased due to health issues and symptoms, erroneously placing them in
the nondrinking category instead of their prior excessive consumption.
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There are some demographic challenges in the included studies. Gender distribution among participants
varied, with many studies focusing solely on men or predominantly including men. Discrepancies in
comorbidities exists among the studies, with some accounting for these factors while others omitting any
mention. Different ethnicities also contribute to differences between the studies. Age distribution could
also be a factor, because deterioration of pulmonary function in smokers is not immediate and most
patients require years of consumption for changes in spirometry results to be observed. Thus, older people
are more susceptible than younger adults. In addition, population size varied significant among studies,
ranging from 10 participants to more than 100000. The heterogeneity of the study designs and the poor
power in many of the studies also makes them difficult to compare.

Only 10/30 studies described adjustments for socioeconomic status and/or education. Failing to account for
these can introduce bias, confound the results and limit the generalisability of findings. Adjusting for these
important factors is essential for obtaining accurate and reliable conclusions.

As presented earlier in the review, smoking is potentially a confounding factor in most of the included
studies. In addition, there may be a dose-response confounder affecting the U-shaped curve theory, as
most of the studies indicate that those who drink the most also have the largest tobacco consumption.
However, our knowledge about actual tobacco consumption is limited, as the studies present the
description of smoking differently and many studies do not quantify the number of cigarettes smoked.

One major limitation of this review is the lack of consensus on a generally accepted definition of one unit
of alcohol, on the term “low-risk consumption” and how alcohol intake is measured. As seen in the 30
studies, there are huge differences in these factors making it almost impossible to compare them. Until we
have a clear definition on how we describe alcohol intake it will be very difficult to reach a clear answer
on how alcohol might affect pulmonary function.

Conclusion

The literature currently cannot confirm the hypothesis of the U-shaped curve, but there are strong
indications of a negative effect of a heavy alcohol consumption and a positive effect of a low to moderate
consumption. However, the available studies are diverse in quality and quantity and the quantification of
alcohol intake is not comparable. To investigate this further, there is a need for more longitudinal and
consistent international studies. Furthermore, smoking is thought to be a large confounder in most of these
studies and it is almost impossible to separate the effects of smoking from the effects of alcohol.
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