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Abstract

Background/Objectives: Physical activity is a cornerstone of preventive health, yet its prac-
tice often coexists with the consumption of alcoholic beverages like beer and wine. While
these beverages contain bioactive compounds with potential health properties, alcohol
itself carries significant risks. This systematic review aimed to synthesize and critically
assess the evidence on physical activity and beer and wine consumption. Specifically, we
examined their combined effects on metabolic syndrome components (body composition,
blood pressure, lipids, glucose metabolism); inflammation and oxidative stress markers;
mental health outcomes (cognitive function, mood, sleep); and physical performance, neu-
romuscular recovery, and fluid balance. Methods: Following a pre-registered protocol
(PROSPERO: CRD420261281945), a systematic search of PubMed /MEDLINE, Scopus, and
SPORTDiscus was conducted for studies published between 2000 and 2025. Included
studies were randomized controlled trials or observational studies involving physically
active adults (aged > 18 years) who consumed beer or wine. Studies focusing solely on
sedentary populations were excluded. Outcomes assessed included metabolic syndrome
components, inflammation, oxidative stress, mental health, cognitive function, and physical
performance. Risk of bias was evaluated using Cochrane RoB 2 for RCTs and ROBINS-I for
non-randomized studies. Results: Eight studies were included. Moderate beer or wine con-
sumption did not substantially negate the beneficial effects of exercise on cardiometabolic
health, body composition, or cognitive function. Higher alcohol intake was associated
with elevated blood pressure. Acute post-exercise consumption of alcoholic beer impaired
rehydration and neuromuscular recovery, whereas non-alcoholic beer did not. Conclusions:
Given the small number of studies and risk of bias, these findings should be interpreted
with caution. In physically active populations, moderate beer or wine consumption does
not clearly undermine the benefits of regular exercise on metabolic syndrome components
(body composition, blood pressure, lipids, glucose metabolism). No additional benefits on
inflammation or oxidative stress were observed, nor on mental health outcomes (cognitive
function, mood, or sleep). However, acute post-exercise alcohol intake impairs rehydration
and neuromuscular recovery, whereas non-alcoholic beer represents a safer alternative.
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1. Introduction

Extensive research in recent decades has firmly established the vital role of regular
physical activity in promoting and maintaining human health. Consistent with this evi-
dence, global health authorities like the World Health Organization (WHO) recommend at
least 150 to 300 min of moderate-intensity physical activity each week, usually broken down
into daily sessions of 30 to 60 min [1,2]. The health benefits of exercise are widespread,
improving physical health through better cardiovascular function, musculoskeletal in-
tegrity, metabolic control, and body composition management [3]. Additionally, its benefits
extend to mental and cognitive well-being, with proven improvements in cognitive perfor-
mance [4], sleep quality, and reductions in anxiety and depression symptoms [5].

While physical activity is a key part of preventive health, its practice in modern
society often coincides with alcohol consumption. Current epidemiological evidence
clearly identifies alcohol as a group 1 carcinogen, linking it to several cancers and other
chronic diseases [6]. Moreover, for athletes, alcohol presents additional specific risks that
extend beyond general health. It negatively impacts recovery, hydration, and neuro-motor
function, and can increase injury risk [7,8]. Although alcohol was removed from the World
Anti-Doping Agency (WADA) Prohibited List in 2018, it remains a substance of concern
in sports nutrition and the broader context of athletic health and performance [9-11].
However, this clear risk profile is inconsistent with a long history of human consumption
and a body of research focusing on specific alcoholic beverages, namely beer and wine.
These beverages, with ancient cultural and social roots, have traditionally been at the center
of ceremonies, community bonding, and moments of relaxation [12].

Beer and wine are highly complex fermented products [13]. In recent years, research
interest has increasingly focused on their bioactive ingredients, aligning with the growing
concept of “functional beverages”—products designed to provide health benefits beyond
basic nutrition [14]. These bioactive compounds contribute to their distinctive flavors
and potential health-promoting properties, including antioxidant and anti-inflammatory
activities. These potential health benefits are associated with moderate consumption, which
corresponds to up to one drink per day for women and up to two drinks per day for men,
or approximately 14-28 g of pure alcohol [15,16]. However, the potential health benefits
discussed here are associated with only moderate consumption. In fact, this has driven a
rise in consumer demand for alternatives with reduced or zero alcohol content, reflecting
a broader trend toward healthier lifestyles [17,18]. Among their bioactive substances,
polyphenols are among the most studied and significant [19,20].

Beer contains polyphenols derived from malt and hops, which contribute to its antiox-
idant capacity and may help combat oxidative stress [21,22]. Specific compounds, such
as xanthohumol from hops, have been studied for their potential to mitigate components
of metabolic syndrome (MetS) and support cardiovascular health by helping to modulate
cholesterol levels and improve vascular function [23-26].

Wine, particularly red wine, is rich in cardioprotective polyphenols such as resveratrol,
flavonoids, tannins, and anthocyanins [27,28]. These compounds improve endothelial
function, modulate cholesterol profiles, and exhibit antioxidant and anti-inflammatory
properties [29-31].
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Despite the well-documented individual effects of physical activity and the detailed
profile of alcoholic beverages like beer and wine, these two lifestyle factors are rarely
studied together in scientific research. Most studies look at their effects separately, focus-
ing either on the metabolic and performance results of exercise or on the health effects
of moderate alcohol consumption. This creates a major knowledge gap: it is still un-
clear how engaging in physical activity and consuming these beverages—especially in
their moderate or non-alcoholic forms—simultaneously or sequentially interact to affect
health, performance, and recovery outcomes. Beyond this knowledge gap, a physio-
logical rationale exists for investigating this interaction, as both exercise and moderate
beer/wine consumption influence shared biological pathways, including inflammation,
oxidative stress, and endothelial function, raising the question of potential synergistic or
antagonistic effects.

Therefore, the primary objective of this systematic review is to synthesize and critically
assess the available scientific evidence regarding the relationship between physical activity
and the consumption of beer and wine, both alcoholic and non-alcoholic types. Specifically,
we aim to examine their combined effects on key areas: (1) components of MetS, including
body composition, blood pressure, lipids, and glucose metabolism; (2) markers of inflamma-
tion and oxidative stress, such as C-reactive protein (CRP) and uric acid; (3) mental health
outcomes, including cognitive function, mood, and sleep; and (4) physical performance,
neuromuscular recovery, and fluid balance. By integrating evidence from these areas, this
review seeks to provide a comprehensive overview to inform public health policy and offer
practical advice to individuals who include social consumption of these beverages in an
active lifestyle.

2. Materials and Methods
2.1. Study Design and Registration

This systematic review was conducted following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines [32]. The study protocol
was prospectively registered in the International Prospective Register of Systematic Reviews
(PROSPERO) on 9 January 2026 (registration number: CRD420261281945) and is available
on the PROSPERO website. The methodology for this review followed the principles
outlined in the PROSPERO guidance [33].

2.2. Eligibility Criteria

The research question was structured according to the PICO framework (Population,
Intervention, Comparison, Outcome). The target population (P) was physically active adults
or athletes aged 18 or older. The intervention/exposure (I) was the consumption of beer or
wine in any form, amount, or pattern. The comparator (C) included placebo, non-alcoholic
beverages, water, or no intervention. The outcomes (O) were defined across multiple
domains relevant to metabolic, endocrine, performance, and health-related measures.

Eligibility for this review was established beforehand based on study design, popula-
tion, exposure, and outcomes. To thoroughly gather evidence on the relationship between
beverage consumption, physical activity, and endocrine-metabolic physiology, we included
both randomized controlled trials (RCTs) and non-randomized studies.

The target population included physically active adults or athletes aged 18 or older,
regardless of their competitive level (recreational, amateur, or elite). Studies that focused
solely on sedentary populations were excluded.

The intervention or exposure of interest was the consumption of beer or wine, in
any form, amount, or pattern (including acute intake, chronic, or habitual use). Studies
examining other alcoholic beverages (e.g., spirits) were considered only if they provided
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separately analyzable data for beer or wine. Eligible comparators were broad and in-
cluded placebo, no-alcohol control groups, different beverages, or within-subject pre-
and post-tests.

Finally, studies were required to report quantitative data on at least one relevant out-
come within the predefined scope of this review. Outcomes of interest were categorized into
four main areas: (1) parameters related to metabolic syndrome and cardiometabolic health
(e.g., body composition, blood pressure, lipid profile, glucose metabolism); (2) measures of
physical performance, neuromuscular function, and post-exercise recovery (e.g., exercise
capacity, balance, reaction time, hydration status); (3) biomarkers of inflammation and
oxidative stress (e.g., C-reactive protein, uric acid); and (4) assessments of mental health
and cognitive function (e.g., quality of life scores, cognitive test performance).

2.3. Search Strategy

A systematic literature search was performed across three electronic databases—
PubMed/MEDLINE (U.S. National Library of Medicine, Bethesda, MD, USA), Scopus
(Elsevier B.V., Amsterdam, Netherlands), and SPORTDiscus (EBSCO Information Services,
Ipswich, MA, USA). These three databases were selected for their complementary coverage:
PubMed /MEDLINE provides comprehensive biomedical and clinical literature, Scopus
offers broad interdisciplinary coverage of health sciences, and SPORTDiscus is the leading
specialized database for exercise and sport science. This combination was considered
appropriate to capture both the metabolic/endocrine outcomes and the physical activity
component of our research question. The search was limited to publications from 1 January
2000, to 31 December 2025.

For PubMed, the following search string was used:

(beer|[Title/ Abstract] OR wine[Title/ Abstract]) AND (athlete[Title/ Abstract] OR ath-
letes[Title/ Abstract] OR sport[Title/ Abstract] OR exercise[Title/Abstract] OR physical
activity[Title/ Abstract]) AND (metabolic[Title/ Abstract] OR endocrine[Title/ Abstract] OR
hormonal[Title/ Abstract]).

The search strategy was adapted for Scopus using the TITLE-ABS-KEY fields:

TITLE-ABS-KEY (beer OR wine) AND TITLE-ABS-KEY (athlete OR athletes OR
sport OR exercise OR physical activity) AND TITLE-ABS-KEY (metabolic OR endocrine
OR hormonal).

For SPORTDiscus, the following string was applied:

(beer OR wine) AND (athlete OR athletes OR sport OR exercise OR physical activity)
AND (metabolic OR endocrine OR hormonal).

2.4. Data Collection and Analysis

All records found through database searches were compiled and imported into Zotero
(version 8.0; Corporation for Digital Scholarship, Vienna, VA, USA), the reference manage-
ment software, where duplicate entries were removed both electronically and manually.
The study selection process was carried out independently by two reviewers (M.R. and
N.M.) in two consecutive stages, following the PRISMA 2020 flow diagram.

First, titles and abstracts were screened against the eligibility criteria. Records that
clearly did not meet the requirements, such as animal studies, reviews, and studies on
sedentary populations, were excluded. All remaining records, including those with uncer-
tain eligibility based on the abstract, moved on to the second stage. In this stage, the full
texts of these potentially relevant articles were retrieved and carefully assessed against the
predefined inclusion and exclusion criteria.

Any disagreements between the two reviewers at any stage were resolved through
discussion. If consensus could not be reached, a third senior reviewer (F.M.) was consulted
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to make the final decision. The reasons for excluding studies at the full-text stage were
documented. The entire process, including the number of records identified, screened,
assessed for eligibility, and ultimately included in the review, is shown in the PRISMA 2020
flow diagram (Figure 1).

Identification of studies via databases and registers

g Records identified from:
= Databases .
s e Records removed before screening:
= =749 > Duplicate records removed
z — PubMed (n=54) > _1"323
K - Scopus (n=153) o=
== - SportDISCUSS (n =542)
S ‘
Records excluded
Records screened
- e | (based on title/abstract)
(n=426)
(n=337)
v
Reports sought for retrieval _ | Reports not retrieved
of (n=89) »| (withdrawn)
'E (n=2)
g !
Reports assessed for eligibility REPS N
al : Em— Not in English
(n=87)
(n=18)
Review/Meta-
analysis/Editorial
(n=49)
Animal studies
v (n=12)
Studies included in review
%
g (n=8)
< Reports of included studies
S| | @=9)
—

Figure 1. PRISMA 2020 flow diagram of the studies included.

2.5. Data Extraction and Management

After selecting the studies, a standardized data extraction form was created and
tested. Two reviewers (M.R. and N.M.) independently extracted data from each included
study. The information collected included (1) key study details (authors, publication year,
country, design); (2) participant information (sample size, age, sex, detailed description
and measurement of habitual physical activity level or athletic status); (3) intervention or
exposure details, such as beverage type (beer or wine), dose, frequency, and duration of
intake; (4) information on any related physical training protocol (type, intensity, volume,
duration), when applicable; (5) details of the comparator; and (6) all relevant quantitative
outcome data. For continuous outcomes, means, standard deviations, and sample sizes
were collected at relevant time points (e.g., pre- and post-intervention). Any disagreements
in data extraction were resolved through discussion between the two reviewers, with input
from a third senior reviewer (F.M.) if needed to reach consensus.

2.6. Assessment of Risk of Bias

A dual approach to bias risk assessment was employed to accurately evaluate the
methodological quality of the included studies based on their design. Two reviewers (M.R.
and N.M.) independently assessed each study.

For randomized controlled trials (RCTs), the Cochrane Risk of Bias 2 (RoB 2) tool
was used [34]. Each trial was evaluated across five domains: bias from the randomization
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process, deviations from intended interventions, missing outcome data, outcome measure-
ment, and selection of the reported result. Judgments resulted in an overall rating of “low
risk,” “some concerns,” or “high risk” of bias for each specific outcome.

For non-randomized studies, including observational cohort, cross-sectional, and
quasi-experimental designs, the Risk Of Bias In Non-randomized Studies—of Interventions
(ROBINS-I) tool was used [35]. This tool evaluates bias across seven domains related to
confounding, participant selection, intervention classification, deviations from intended
interventions, missing data, outcome measurement, and selection of reported results.

7 oa a

Studies were then classified as having a “low,” “moderate,” “serious,” or “critical” risk
of bias.

Disagreements in assessments between the two reviewers were resolved through con-
sensus discussion. The results of these assessments are presented narratively in the results
section. Summary plots were generated using the Robvis Shiny App (University of Bris-
tol, Bristol, UK; https:/ /mcguinlu.shinyapps.io/robvis) [36] and are shown in dedicated
figures (Figure 2 for RCTs; Figure 3 for non-randomized studies).

Reporting biases (e.g., publication bias, selective outcome reporting) were not formally
assessed due to the small number of included studies (1 = 8), which precluded the use of

funnel plots or statistical tests.

Risk of bias domains

D5 | Overall |

. bt | b2 | b3 | p4 |
Flores-Salamanca et al., 2014 @ . ‘ @ ‘ @

>
©
2
@ Rodriguez et al., 2021 @ @ . . . @
Domains: Judgement
D1: Bias arising from the randomization process. i
D2: Bias due to deviations from intended intervention. . High
D3: Bias due to missing outcome data. B Some concerns
D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result. . Low

Figure 2. Risk of bias assessment for randomized controlled trials (RoB 2) for the studies by Flores-
Salamanca et al. (2014) [37] and Rodriguez et al. (2021) [38].

Risk of bias domains
DI | p2 | D3 | D4 | D5 | D6 | D7 [Overall

Gonzalez-Rubio et al., 2016

lonite et al., 2021

Maghsoudi et al., 2016

Study

Molina-Hidalgo et al., 2024

000 ®
o)l JIo)l ][O
o) Il Nl J©
000 ®

Ras et al., 2022

van Velden et al., 2007 . ‘ ' @

0000 ®
0000 ®
LI N JOX X

Domains: Judgement
D1: Bias due to confounding. »

D2: Bias due to selection of participants. . Critical
D3: Bias in classification of interventions. . Serious
D4: Bias due to deviations from intended interventions.

D5: Bias due to missing data. = Moderate
D6: Bias in measurement of outcomes. . Low

D7: Bias in selection of the reported result.

Figure 3. Risk of bias assessment for non-randomized studies of interventions (ROBINS-I) for
Gonzélez-Rubio et al. (2016) [39], Ionite et al. (2021) [40], Maghsoudi et al. (2016) [41], Molina-
Hidalgo et al. (2024) [42], Ras et al. (2022) [43], and van Velden et al. (2007) [44].

https://doi.org/10.3390/endocrines7020024


https://mcguinlu.shinyapps.io/robvis
https://doi.org/10.3390/endocrines7020024

Endocrines 2026, 7, 24

7 of 18

2.7. Data Synthesis

Given the expected clinical and methodological diversity across studies—stemming
from differences in design, population (activity level), interventions (beverage type and
dose), and outcome measurements—a structured narrative synthesis was selected as the
most appropriate method to summarize the evidence. Results are organized by key outcome
areas (e.g., lipid metabolism, hormonal response, glycemic control) and further examined
based on beverage type (beer vs. wine). In this approach, the potential influence of habitual
physical activity levels will be specifically evaluated and discussed.

Given the expected clinical and methodological diversity across studies—stemming
from differences in design, population, interventions, and outcome measures—a structured
narrative synthesis was selected as the most appropriate method to summarize the evidence.
Results were organized by key outcome areas (e.g., lipid metabolism, glycemic control) and
further examined by beverage type (beer vs. wine), with specific attention to the potential
influence of habitual physical activity levels.

A quantitative meta-analysis was not feasible due to the substantial heterogeneity
across the eight included studies. Consequently, no pooled effect estimates, subgroup
analyses, meta-regressions, or sensitivity analyses were performed. Effect measures were
extracted and reported exactly as presented in the original studies, including means,
standard deviations, mean differences, and odds ratios with 95% confidence intervals
where available. No data preparation, conversion, or recalculations were required, and no
assumptions were made regarding missing or unclear information.

No formal certainty assessment (e.g., GRADE) was undertaken. Instead, method-
ological limitations, imprecision, and risk of bias are discussed qualitatively for each
outcome domain throughout the Discussion. This amendment has been recorded in the
PROSPERO protocol.

This systematic review is reported in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) 2020 statement [32]. The PRISMA
2020 checklist is provided as Supplementary Materials.

3. Results

The systematic search resulted in 749 records across PubMed (1 = 54), Scopus (n = 153),
and SPORTDiscus (n = 542). After removing 323 duplicates, 426 records were screened
by title and abstract. Of these, 337 were excluded, leaving 89 reports to be retrieved.
Two reports were not retrieved (withdrawn), and the remaining 87 full-text reports were
assessed for eligibility. Seventy-nine reports were excluded for the following reasons:
18 were not in English, 49 were reviews or editorials, and 12 were animal studies. A total
of eight studies met the inclusion criteria and were included in the systematic review.
The study selection process is illustrated in the PRISMA 2020 flow diagram (Figure 1).
A complete list of studies excluded at the full-text stage, with reasons for exclusion, is
available from the corresponding author upon reasonable request.

These eight studies were conducted between 2007 and 2024 across various regions,
including Costa Rica [37], Spain [39,42], Romania [40], Iran [41], South Africa [43,44], and
Brazil [38]. These articles show a diverse methodological landscape. The populations
studied are also diverse, including young adults and athletes [37,40—42], whose endocrine
responses to exercise are especially reactive, as well as middle-aged and older adults [42,45],
who are more relevant for studying chronic metabolic disorders. Specific groups such as
firefighters [43] and patients with metabolic syndrome [44] are also included. The detailed
features of each study are summarized in Table 1.
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Table 1. Characteristics of studies included.

(C Oﬁﬁttlrl}(l)ﬁf])satf dy) Study Design Study Population Study Groups Physical Activity Key Findings
Phvsically active All participants, in random order, Post-exercise rehydration (Digr(()e Solg) 11218 £ 279 mL vs. ~760 mL
Flores-Salamanca Y Y received: protocol: Dehydration p<2U0). )
college students : . Net fluid balance: worse vs.
etal., 2014 [37] RCT Crossover 1. BEER: 4.6% alcohol beer. induced by cycling to _ :
(Costa Rica) n =11 (100% male) 2 NAB: leoholic b 0.5% alcohol).  2.1% bod loss i non-alcoholic beer/water
i 244 + 37 years . : non-alcoholic beer (0.5% alcohol).  2.1% body masslossina  pajance (VCOPx): impaired.
3. WATER. heated chamber. Reaction time: slowed.
Three groups based on habitual alcohol
intake:
1. ABS: Abstainers/Occasional drinkers.  Leisure-time and BMI, sleep quality, SF-36 subscales: no
Gonzalez-Rubio et al Community-dwelling 2. BEER: Moderate drinkers, >80% of recreational activities: significant differences vs. abstention.
20()1%2%8]2 -Rubloetal,  Opgervational elderly alcohol from beer. Mean intake: 12.7 £ 8.1 Walking for pleasure, Vitality perception (wine): 1 trend
S air{) Cross-Sectional n =231 (50.7% male) g alcohol/day. swimming, playing with  (» = 0.069).
P 55-85 years 3. MIXED: Moderate drinkers of various  kids, climbing stairs, Mental health scores (moderate drinkers):

beverages, with wine as the main source
(75% of intake). Mean intake: 13.9 £+ 10.2
g alcohol/day.

hiking, and dancing.

1 trend (p = 0.058).

Ionite et al., 2021 [40]
(Romania)

Quasi-experimental
study

Healthy, active college
students

n =10 (100% male)
23.5 &+ 3.3 years

All participants, in random order:

1. ALC + SLE: Alcohol (1 g/kg beer) +
Normal Sleep.

2. PLA + SLE: Placebo (non-alcoholic
beer) + Normal Sleep.

3. ALC + SDP: Alcohol + Sleep
Deprivation.

4. PLA + SDP: Placebo + Sleep
Deprivation.

Structured HIIT program:

2 sessions/week for 10
weeks, performed before
testing days.

Sleep protocol:

8 h normal sleep vs. total
sleep deprivation on test
night.

Time to exhaustion: | by sleep
deprivation (p < 0.05), not by alcohol.
Peak torque: unaffected.

Hangover symptoms: 1 with alcohol.

Maghsoudi et al.,
2016 [41]
(Tran)

Quasi-experimental
study

Elite Taekwondo
athletes

n =21 (100% male)
23 £ 2.7 years

All participants underwent a crossover of
three acute post-exercise interventions:

1. Dough (fermented yogurt drink).

2. Non-alcoholic beer.

3. Chocolate milk (carbohydrate drink).

High-intensity anaerobic
exercise:

The Running-Based
Anaerobic Sprint Test
(RAST) was performed in
a lab setting to induce
fatigue.

Post-exercise blood glucose: T by NAB
(p = 0.083 for trend).

Total cholesterol and F2-isoprostane
(oxidative stress): no significant changes.
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Table 1. Cont.

(C Oﬁﬁttlrl}(l)ﬁf])satf dy) Study Design Study Population Study Groups Physical Activity Key Findings
Cognitive function (memory, processing
) . . speed, verbal fluency): 1 by HIIT
{\.I(I)—rllI f%r;lgg}lo fallocatlon to: Supervised HIIT Epl< %0?), regardleTs (;flife\;erage type
Molina-Hidalgo et al., . Healthy young adults 2. Non-training control group. program: T o aOTEeL COND 17,
2024 [42] RCT (Partial n = 83 (48% male) Within the HIIT group, random allocation 2 sessions/week for 10 Fat mass index (FM.I)'.i by HIIT
(Spain) Randomization) ~22 years to beverage: weeks. The control group  (p < 0.001), no modifying effect of
- HIIT—AngC)Holz Beer or vodka and water. maintained habitual beverage type.
- HIIT-NonAlcohol: 0.0% beer or water. activity. Lean mass index (LMI): T by HIIT
o ' (p < 0.001), no modifying effect of
beverage type.
Single cohort analyzed by beverage Total weekly physical Systolic blood pressure: 1 with higher
preference and consumption volume: activity, including alcohol volume (p = 0.048).
Full-time firefighters 1. Beverage Preference: Mixed drinks (40), occupational duties Diastolic blood pressure: 1 with higher
Ras et al., 2022 [43] Observational — 124 (79.1% & 1 Beer (32%), Spirits (14%), Wine (13%). (ﬁreﬁghting tasks) and alcohol volume (p =0.036).
(South Africa) Cross-Sectional n= (79.1% male) 2. Volume Groups: Light (<7 units/week, leisure activities. Hypertension: 1 with alcohol

37.5 £ 9.1 years

1.7-12 g/day), Moderate (8-14
units/week, 14-24 g/day), Heavy (>14
units/week, >24 g/day) drinker.

Classified by intensity:
Low, Moderate,
Vigorous.

consumption (p = 0.005).
BMI, cholesterol, diabetes: no significant
associations.

Rodrigues et al.,
2021 [38]
(Brazil)

RCT Crossover

Active or retired civil
servants

n = 14,375 (44.7%
male)

Cross-sectional analysis of baseline data.
Groups defined by:

1. Quantity: Non-drinkers, 1-4, 4-7, 7-14,
>14 drinks/week.

2. Timing: With meals, outside meals,

Leisure-time physical
activity (LTPA): Assessed
via IPAQ
(MET-min/week).

MetS prevalence: | with higher alcohol
intake (>14 drinks/week) only with
meals (OR 0.76, 95% CI 0.60-0.97).
Protective association: stronger with

35-74 years both. Analyzed as a covariate.  higher LTPA.
3. Beverage Type: Wine, beer, or other.
Body weight: | by Mediterranean diet
(p = 0.04), no benefit from red wine.
Same participants in two sequential Prescribed mild aerobic Systolic blood pressure: | by
van Velden et al Metabolic Syndrome  phases: exercise: Mediterranean diet (p = 0.045), no benefit
50017 [44] o Intervention Study patients 1. Phase 14 weekS): Adherence to a Br}sk walking (20—30 from red wine. . ' o
(South Africa) n =12 (75% male) Mediterranean Diet + No alcohol. min/day) as a lifestyle HDL, LDL, TG, gllucose, 1nsuhr.1, uric acid,
32-60 years 2. Phase 2 (4 weeks): Adherence to a recommendation hs-CRP: no benefit from red wine.

Mediterranean Diet + Red Wine.

alongside dietary change.

ORAC: 1 by Mediterranean diet
(p = 0.035), no further improvement with
red wine.

Abbreviations and symbols: C-reactive protein (CRP); confidence interval (CI); fat mass index (FMI); high-density lipoprotein (HDL); high-intensity interval training (HIIT); high-
sensitivity C-reactive protein (hs-CRP); International Physical Activity Questionnaire (IPAQ); lean mass index (LMI); leisure-time physical activity (LTPA); low-density lipoprotein (LDL);
metabolic syndrome (MetS); non-alcoholic beer (NAB); odds ratio (OR); oxygen radical absorbance capacity (ORAC); randomized controlled trial (RCT); Running-Based Anaerobic
Sprint Test (RAST); triglycerides (TG); velocity of center of pressure in the anteroposterior direction (VCOPx); increase (1); decrease ({).
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Despite differences in designs and populations, a common endocrine-metabolic theme
underpins the research. The main themes include (1) the effect of alcohol consumption
on post-exercise hydro-electrolyte balance and kidney stress; (2) its influence on blood
glucose, lipid levels, and oxidative stress markers after physical activity; (3) its links to
blood pressure and the prevalence of metabolic syndrome; and (4) its interactions with
lifestyle changes, such as the Mediterranean diet and structured high-intensity interval
training (HIIT), which are known to impact the endocrine-metabolic profile.

Risk of Bias

The risk of bias for the included studies was assessed using two Cochrane tools: the
RoB 2 for randomized controlled trials (RCTs) and the ROBINS-I for non-randomized studies.

As shown in Figure 2, the RCT by Flores-Salamanca et al. (2014) [37] was considered
to have a low overall risk of bias. This judgment is based on proper randomization,
successful implementation of the crossover design, and minimal concern about missing
data. Conversely, the RCT by Rodrigues et al. (2021) [38] was considered to have a
high overall risk of bias, mainly due to serious issues in the randomization process and
deviations from the planned intervention.

As shown in Figure 3, the remaining six studies were assessed using the ROBINS-I tool.
Although the study by Molina-Hidalgo et al. (2024) [42] was an RCT, it was evaluated with
ROBINS-I because of its partial randomization design, which introduced key confounding
factors similar to those in a non-randomized intervention study; it received a judgment
of critical risk in the D1 (confounding) domain. The other studies assessed with this tool
included Gonzéalez-Rubio et al. (2016) [39] (overall serious risk, mainly due to selection
bias and confounding), Ionite et al. (2021) [40] (overall moderate risk), Maghsoudi et al.
(2016) [41] (overall moderate risk), Ras et al. (2022) [43] (overall serious risk, due to
confounding and participant selection), and van Velden et al. (2007) [44] (overall low risk
as a well-controlled intervention study). For most studies, the main concerns were in the
domains of confounding (D1) and participant selection (D2).

Consequently, only the findings from Flores-Salamanca et al. (2014) [37] and van
Velden et al. (2007) [44] can be considered at low risk of bias. The remaining studies,
particularly those with serious or critical risk of confounding and participant selection
bias, warrant cautious interpretation. These methodological limitations are considered
throughout the Section 4 and should be taken into account when evaluating the strength of
the evidence presented below.

4. Discussion

The present systematic review aimed to synthesize the available evidence on the inter-
action between beer and wine consumption and physical activity in relation to metabolic,
endocrine, and health-related outcomes. Overall, the findings suggest that, within physi-
cally active populations, moderate consumption of beer or wine does not appear to exert
markedly detrimental effects on cardiometabolic health, body composition, or cognitive
performance, particularly when contextualized within an active lifestyle and, in some
cases, alongside healthy dietary patterns. However, the strength of these conclusions is
tempered by substantial heterogeneity in study design, populations, exposures, and out-
come measures, as well as by relevant methodological limitations identified in the risk of
bias assessment.

Before discussing the specific findings, it is important to acknowledge the method-
ological limitations of the included studies. As detailed in the risk of bias assessment (Risk
of Bias section), only two studies (Flores-Salamanca et al. [37] and van Velden et al. [44])
were rated as having low risk of bias. The majority of studies presented serious or critical
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risk, particularly in the domains of confounding and participant selection. Therefore, the
following interpretations must be considered with due caution. Findings from studies with
high risk of bias should be viewed as hypothesis-generating rather than conclusive, and
priority is given to evidence from studies with lower risk of bias where available.

A consistent observation across the included studies is the primary role of physical
activity in improving a wide spectrum of health and performance metrics, irrespective of
concurrent beverage consumption. The evaluated interventions—ranging from structured
high-intensity training to habitual leisure-time activity—consistently demonstrated benefi-
cial effects on body composition, cognitive function, aerobic capacity, and cardiovascular
parameters. This central finding robustly reinforces the well-established principle that
regular exercise is a cornerstone of health promotion and disease prevention [45-48].

Furthermore, the reviewed evidence highlights the powerful synergy between physi-
cal activity and healthful nutrition, a paradigm central to lifestyle medicine. The study by
van Velden et al. (2007) [44], for instance, demonstrated that the combination of a Mediter-
ranean diet and physical activity yielded significant cardiometabolic improvements, with
the addition of red wine providing no incremental benefit. This aligns with a robust body of
literature underscoring the superior efficacy of combined dietary and exercise interventions
for metabolic health, weight management, and chronic disease prevention compared to
either approach alone [49,50]. The Mediterranean dietary pattern, in particular, is well doc-
umented to synergize with exercise to enhance overall well-being and cardiometabolic risk
profiles [51]. Within this established context, where exercise and diet form the foundational
therapeutic platform, the consumption of beer or wine emerges as a potential secondary
modulator of health outcomes. Its impact appears contingent on specific factors such as
quantity and its integration within an otherwise active and health-conscious lifestyle.

The relationship between moderate alcohol consumption and MetS in the general
population is complex, with some epidemiological studies suggesting a protective associa-
tion. For example, in a general population sample, medium-high alcohol consumption has
been associated with lower odds of MetS compared to low consumption [52]. Similarly,
in a Mediterranean cohort, moderate alcohol intake was linked to a lower prevalence of
MetS and certain cardiovascular diseases compared to abstinence [53]. However, when
examining this relationship specifically within physically active populations, the evidence
from the present review presents a more nuanced picture, suggesting that moderate beer or
wine consumption does not significantly alter the metabolic effects of physical activity.

Body composition and adiposity were primarily improved by exercise, with no modify-
ing effect from beverage type. For instance, in the study by Molina-Hidalgo et al. (2024) [42],
a HIIT program significantly reduced fat mass regardless of whether participants consumed
alcoholic or non-alcoholic beer. Similarly, in the large observational study by Rodrigues
et al. (2021) [38], the association between higher alcohol intake and a lower prevalence
of MetS was only significant when consumption occurred with meals, highlighting the
importance of behavioral context.

Conversely, a negative dose-response relationship with blood pressure was observed.
In the active cohort of firefighters studied by Ras et al. (2022) [43], higher alcohol volume
was a significant predictor of elevated systolic and diastolic blood pressure, indicating that
the pressor effect of ethanol can persist even with regular physical activity.

Data on lipid profile and glucose metabolism remain inconclusive. As seen in the study
by Maghsoudi et al. (2016) [41], only marginal, non-significant changes in triglycerides and
blood glucose were reported following post-exercise consumption of non-alcoholic beer.
Furthermore, van Velden et al. (2007) [44] found that adding red wine to a Mediterranean
diet and exercise regimen provided no further improvement to lipids or insulin sensitivity.
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Beyond the core components of MetS, the modulation of chronic, low-grade inflam-
mation and oxidative stress represents another potential pathway through which dietary
components might influence long-term health. While the polyphenol content of beer and
wine is often highlighted for its potential antioxidant and anti-inflammatory properties
in vitro [54-58], the evidence from intervention studies in active populations does not
strongly support a significant beneficial impact from moderate consumption within an
exercise context.

The study by van Velden et al. (2007) [44] provides the most direct test of this hy-
pothesis. In patients with metabolic syndrome following a Mediterranean diet and mild
exercise protocol, the addition of moderate daily red wine for four weeks did not yield
any further improvement in the inflammatory marker high-sensitivity C-reactive protein
(hs-CRP) compared to the diet-and-exercise phase without alcohol. Similarly, Maghsoudi
et al. (2016) [41] found no significant changes in the oxidative stress marker F2-isoprostane
in elite athletes following the acute post-exercise consumption of non-alcoholic beer, com-
pared to other recovery beverages. These findings suggest that moderate beer or wine
consumption provided no additional anti-inflammatory or antioxidant benefits beyond
those of physical activity and a healthy dietary pattern alone.

The influence of lifestyle factors on health operates not only through physiological
pathways like inflammation but also through their direct effects on the central nervous
system. Moderate alcohol consumption has been linked in some general population studies
to certain positive mental health outcomes and social well-being, although the evidence
is complex and influenced by lifestyle factors [59,60]. Therefore, the interaction between
beer or wine consumption and physical activity deserves specific examination concerning
mental well-being, sleep, and cognitive and neuromotor performance within an active
lifestyle setting.

Observational studies in active populations suggest a neutral to potentially nuanced
positive association with subjective well-being. In a cohort of active elderly individuals,
Gonzélez-Rubio et al. (2016) [39] found no significant differences in most quality-of-life
domains, including sleep quality, between abstainers and moderate drinkers of beer or
other beverages. However, trends indicated a marginally higher perception of vitality
among those with a mixed (predominantly wine) intake and better mental health scores
among moderate drinkers, though these did not reach conventional statistical significance.

In contrast, intervention studies highlight clear acute impairments when alcohol is
consumed in proximity to exercise, extending to sleep architecture. Ionite et al. (2021) [40]
reported that alcohol ingestion (from beer) led to increased hangover symptoms, and while
sleep deprivation independently reduced exercise performance, it did not significantly
worsen the hangover state. More directly, Flores-Salamanca et al. (2014) [37] demonstrated
that consuming beer after exercise-induced dehydration significantly impaired postural
balance and slowed reaction time compared to non-alcoholic beer or water, indicating
acute neurocognitive deficits. Notably, the study by Molina-Hidalgo et al. (2024) [42]
found that a 10-week HIIT program improved cognitive performance independently of
concurrent moderate beer or non-alcoholic beverage consumption, suggesting that the
cognitive benefits of sustained exercise are robust and not modified by this dietary factor.

Thus, while habitual moderate consumption does not appear detrimental to self-
reported mental health or sleep quality, acute alcohol intake can negatively impact neuro-
motor control, cognitive performance, and sleep recovery.

While the previous sections addressed health outcomes, the direct impact of beverage
consumption on the acute capabilities and recovery of the physically active individual is
of paramount practical importance. The ergogenic or ergolytic potential of beer and wine,
particularly regarding hydration and neuromuscular function, has been a point of interest
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in sports nutrition. While some studies have suggested potential recovery benefits [61-64],
controlled interventions present a more cautionary tale.

The most consistent finding across the reviewed studies is the deleterious effect of
alcoholic beer on post-exercise rehydration and fluid balance. Flores-Salamanca et al.
(2014) [37] clearly demonstrated that, compared with water or non-alcoholic beer, alcoholic
beer consumption after exercise-induced dehydration led to significantly higher diuresis
and a poorer net fluid balance, leaving participants in a state of net fluid loss. From a
physiological standpoint, this diuretic effect is primarily mediated by alcohol-induced
suppression of arginine-vasopressin (also known as antidiuretic hormone, ADH), which
reduces water reabsorption in the renal collecting ducts and increases urine output [65].
This diuretic effect directly counteracts a primary goal of post-exercise recovery.

Furthermore, alcohol intake showed a clear negative impact on metrics of neuromus-
cular performance and recovery. The same study by Flores-Salamanca et al. (2014) [37]
reported impaired postural balance and slowed reaction time following beer consump-
tion. Ionite et al. (2021) [40] found that sleep deprivation significantly reduced time to
exhaustion in an aerobic test, and while alcohol alone did not reduce peak muscle torque,
its consumption was associated with increased hangover symptoms, which could indirectly
affect training readiness and perceived recovery.

In contrast, the consumption of non-alcoholic beer appears to be a neutral or context-
dependent alternative. Throughout this review, “non-alcoholic beer” refers to products
with an alcohol content below 0.5% vol., in line with the European scientific literature [66].
Maghsoudi et al. (2016) [41] found no significant negative impact on anaerobic performance
markers compared to other post-exercise beverages. Critically, the rehydration study by
Flores-Salamanca et al. (2014) [37] showed that non-alcoholic beer performed similarly to
water in restoring fluid balance, without the detrimental diuretic and neuromotor effects of
its alcoholic counterpart.

In summary, the evidence strongly indicates that consuming alcoholic beer in the
acute post-exercise period is counterproductive, impairing rehydration and key aspects
of neuromuscular function that are crucial for safety and subsequent performance. Non-
alcoholic beer does not share these acute drawbacks and may represent a more suitable
choice within a recovery context. When considering wine, the evidence is more limited
and derives exclusively from observational studies on chronic consumption. Two studies
suggested potential associations between moderate wine intake and higher physical activity
levels or better mental health scores, but these findings were not statistically significant
and were subject to confounding. No study directly compared beer and wine within the
same experimental design, and no firm conclusions can be drawn regarding wine-specific
effects. These findings underscore that the acute physiological demands of recovery from
exercise often conflict with the biological effects of alcohol.

Limitations and Future Perspectives

This systematic review has several important limitations that shape its conclusions.
The main constraint is the small number of primary studies that meet the inclusion criteria,
which highlights the lack of research specifically focused on the interaction between physi-
cal activity and beer or wine consumption. This leads to a limited and diverse evidence
base, including various study designs, populations, and outcome measures, preventing a
quantitative meta-analysis and requiring a narrative synthesis.

A major methodological concern, as identified in the risk of bias assessment, is the
widespread issue of confounding in observational and quasi-experimental studies. The
significant risk of bias in this area indicates that unmeasured lifestyle, dietary, or genetic
factors could greatly affect the reported associations, reducing the strength of causal
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inference. Additionally, the generalizability of the findings is limited by the demographic
focus of the existing literature, which mainly involves young, healthy, and often male
participants, with fewer insights into women, older adults, or individuals with chronic
metabolic conditions, and by the geographic restriction of the available studies to specific
regions (Costa Rica, Spain, Romania, Iran, South Africa, and Brazil), each with distinct
drinking patterns, dietary contexts, and genetic backgrounds.

A further limitation is the heterogeneity in the definition of moderate alcohol con-
sumption across the included studies. Studies used varying units (grams per day, milliliters
per day, units per week, drinks per week) and, in some cases, did not specify the exact dose.
Nevertheless, most studies with habitual consumption reported intakes that approximate
the 14-28 g/day range adopted in this review. This variability should be considered when
comparing findings across studies.

This review also has process-related limitations. The literature search was restricted to
three databases and English-language articles. This may have introduced both publication
bias and language bias, potentially excluding relevant studies published in other languages
or in less specialized databases. Furthermore, the small number of studies precluded formal
assessments of publication bias and certainty of evidence (e.g., GRADE), as acknowledged
in the methods.

These limitations define clear priorities for future research. There is a strong need for
prospective studies and randomized controlled trials specifically designed and adequately
powered to examine the interaction effect. Such research should emphasize methodological
rigor to control confounding factors, include more diverse demographic groups, and
explore the long-term health effects. Special focus should be given to studying non-
alcoholic and low-alcohol beer and wine variants, which help isolate the effects of bioactive
compounds from those of ethanol. Addressing these issues is essential for producing solid,
actionable evidence to inform lifestyle choices for active individuals.

5. Conclusions

This systematic review synthesized available evidence on the interplay among beer
and wine consumption, physical activity, and related health outcomes. Given the small
number of included studies and the methodological concerns identified in the risk-of-bias
assessment, the following conclusions should be interpreted with caution.

Based on the available evidence, within physically active populations, moderate
consumption of beer or wine does not clearly undermine the benefits of regular exercise on
cardiometabolic health and body composition. Physical activity itself remained the primary
driver of improved metabolic parameters, with no consistent additive or synergistic effects
from beverage consumption.

Regarding inflammation and oxidative stress, the reviewed studies did not provide
consistent evidence that moderate beer or wine consumption offers measurable additional
benefits when combined with exercise, suggesting that the anti-inflammatory effects of
physical activity may eclipse any modest contribution from beverage-derived polyphenols.

For mental health and cognitive function, the evidence indicates that regular exercise
improves cognitive performance independently of concurrent moderate alcohol consump-
tion, while acute alcohol intake may impair neuromotor function and reaction time.

Concerning physical performance and recovery, a clear finding emerges: alcoholic beer
consumed acutely after exercise impairs rehydration and neuromuscular recovery, whereas
non-alcoholic beer does not share these drawbacks and represents a safer alternative for
active individuals.

In summary, moderate beer or wine consumption integrated into an active lifestyle
is unlikely to negate the primary benefits of regular exercise. However, moderation is
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essential, timing matters, and non-alcoholic alternatives should be preferred in the post-
exercise recovery context. Given the overall low quality of evidence in this area, further
well-designed studies are needed to confirm these findings.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/endocrines7020024 /s1: Supplementary File S1: Completed PRISMA
2020 checklist.
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