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Abstract

Background: The consumption of non-alcoholic beer has increased in recent years as it is
increasingly perceived as an alternative to traditional alcoholic beverages. This trend reflects
growing health awareness and interest in products with potentially more favorable health
profiles. Non-alcoholic beer retains certain bioactive compounds found in beer, including
polyphenols, vitamins, and minerals, while containing little or no ethanol.

Aim: The aim of this study was to review current evidence regarding the effects of non-
alcoholic beer on human health and to compare its potential effects with those associated with
traditional beer containing ethanol.
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Material and methods: A narrative literature review was conducted using the PubMed database.
The analysis included original studies, clinical trials, observational studies, and review articles
examining the effects of non-alcoholic beer on metabolic parameters, liver function,
cardiovascular health, gut microbiota, inflammatory processes, and potential neuroprotective
effects.

Results: Available studies suggest that non-alcoholic beer does not significantly affect
metabolic parameters, liver function, or body composition in healthy individuals. Some
evidence indicates potential beneficial effects related to lipid profile, gut microbiota diversity,
and modulation of inflammatory responses.

Conclusions: Non-alcoholic beer may represent a safer alternative to alcoholic beer due to the
absence of ethanol while retaining bioactive compounds. However, most studies are short-term
and include small populations. Further long-term research is needed to clarify its health effects.
Keywords: non-alcoholic beer; human health; metabolism; gut microbiota; inflammatory
markers; lipid profile

Introduction

In recent years, non-alcoholic beer has gained increasing popularity as an alternative to
traditional alcoholic beverages, reflecting observed changes in lifestyle patterns and the
growing health awareness of society [1]. At the same time, the negative impact of chronic
alcohol consumption on the human body is well documented and includes, among others,
damage to the liver, pancreas, and cardiovascular system, as well as an increased risk of
developing metabolic syndrome [25]. In response to these threats, numerous governmental and
non-governmental institutions, including the World Health Organization, have undertaken
actions aimed at reducing alcohol consumption. One example is the Global Alcohol Action Plan
2022-2030 [2]. One potentially beneficial aspect of non-alcoholic beer is the elimination of
ethanol while retaining certain components characteristic of beer, such as polyphenols, B
vitamins, minerals, and hop-derived compounds, which are believed to possess potential
biological properties.

The aim of this paper is to review current research on the effects of non-alcoholic beer on human
health, with particular emphasis on glucose and lipid metabolism, liver function, inflammatory
parameters, gut microbiota, cardiovascular health, and potential neuroprotective effects. The
observed effects are also compared with those associated with traditional beer containing
ethanol.

Beer Composition

Beer consists mainly of water (approximately 90%), while the remaining fraction includes
carbohydrates, ethanol, minerals, vitamins, and bioactive compounds such as polyphenols and
bitter hop iso-a-acids (e.g., iso-a-humulones). The chemical composition of beer depends on
the raw materials used and the production techniques applied, which influence its taste, aroma,
and physicochemical properties. To date, more than 2,000 organic and inorganic compounds
have been identified in beer, including over 50 polyphenols derived mainly from barley and
hops. Beer is also considered one of the more important dietary sources of phenolic compounds,
providing approximately 366-875 mg of polyphenols per liter.

Phenolic compounds exhibit strong antioxidant, anti-inflammatory, and potentially
antipathogenic properties, which may suggest certain potential health benefits associated with
moderate beer consumption.

A study analyzing beer composition conducted by researchers in Spain demonstrated that non-
alcoholic beers contain lower concentrations of prenylated flavonoids (e.g., isoxanthohumol,
IX) than alcoholic beers, and are also characterized by a lower content of simple phenols [12].
These differences mainly result from distinct technological processes used during the
production of non-alcoholic beer and may influence its potential biological properties.



Effects of Non-Alcoholic Beverages on Glucose and Lipid Metabolism

In a study published on May 9, 2025, an experiment was conducted involving 44 young men
aged 18-30 years. The participants were divided into three intervention groups and one control
group: 11 individuals consuming 660 ml of non-alcoholic pilsner daily, 11 individuals
consuming 660 ml of non-alcoholic wheat beer daily, 10 individuals consuming a mixed beer
preparation, and a control group of 12 participants receiving water. Metabolic parameters were
assessed before the start of the intervention and after four weeks of its duration. A significant
increase in insulin concentration was observed only in the wheat beer group (p = 0.014), while
changes in C-peptide concentration, although increased, did not reach statistical significance.
Fasting glucose levels increased significantly only in the mixed beer group (p = 0.027). HbAlc
values increased significantly in the pilsner group (p = 0.0016), whereas no significant changes
in this parameter were observed in the remaining groups. Regarding the lipid profile, no
significant changes were found in triglyceride levels, total cholesterol, or LDL cholesterol in
any of the groups. LDL levels remained stable in the wheat beer group, whereas in the control
group and the pilsner group non-significant downward trends were observed [3].

In a study conducted in a group of 34 postmenopausal women aged 45-70 years, participants
were divided into three groups: 16 women consuming alcoholic beer (AB), 6 women consuming
non-alcoholic beer (NAB), and 12 women assigned to a control group. The study lasted 24
months and included periodic measurements of cardiovascular parameters. In the AB group, a
significant increase in HDL-C concentration was observed compared with the control group (p
= 0.006). In contrast, in the NAB group a significant decrease in LDL-C concentration was
observed after 12 months compared with the control group (p = 0.002) and also compared with
the AB group, although this difference was not statistically significant (p = 0.836). Furthermore,
a decrease in LDL-C was observed after 24 months in comparison with the control group (p =
0.035). In the same group, after 12 months a reduction in triglyceride levels was also recorded
compared with the other groups (p = 0.025 for NAB vs control and p = 0.022 for NAB vs AB).
However, no significant changes in LDL-C or total cholesterol were observed in the AB group
compared with the control group [4].

In a study published in 2022, the effects of a four-week consumption of 330 ml of NAB (group
A) and beer containing 5.2% alcohol (group B) were evaluated in 22 adult men with a mean
age of 35 years (age range: 23-58 years). Participants were randomly assigned to one of the
intervention groups in a 1:1 ratio. In both groups, no significant increases in body weight or
body fat mass were observed (BMI in the NAB group: p = 0.833 and in the AB group: p =
0.088; body fat mass (BFM) in the NAB group: p = 0.090 and in the AB group: p = 0.722). No
significant changes were observed in metabolic biomarkers such as glucose, HbAlc, insulin,
HOMA-IR, C-reactive protein (CRP), or homocysteine [5]. In the group consuming NAB, a
slight increase in total cholesterol was observed; however, the values remained below 200 mg/dl
(p =0.683). This group also demonstrated considerable variability in triglyceride concentrations
(p=0.074) [5].

Effects of Non-Alcoholic Beverages on the Liver

In the previously mentioned study involving 44 young men, it was found that the level of M30,
a marker of hepatocyte apoptosis, decreased in the groups consuming water (p = 0.0162) and
non-alcoholic pilsner (p = 0.0373). An increase in M30 concentration (p = 0.69) was observed
in the group consuming mixed non-alcoholic beer, whereas in the group consuming non-
alcoholic wheat beer this parameter remained stable (p = 0.9563) [3].

The activity of liver transaminases ALT and AST decreased in the water group (ALT: p =0.11,
AST: p = 0.31) and decreased significantly in the mixed beer group (ALT: p=0.03, AST: p=
0.032), while in the group consuming non-alcoholic pilsner a slight but non-significant increase
was observed (ALT: p=0.46, AST: p=0.24). A similar trend was observed for the FAST score,



which reflects the risk of advanced liver disease. Its value decreased in the water group (p =
0.075) and the mixed beer group (p = 0.032), whereas it increased in the pilsner group (p =
0.086) [3].

In the study involving postmenopausal women, it was demonstrated that after 24 months the
level of y-glutamyl transferase (GGT) increased significantly both in the group consuming AB
(p = 0.013) and in the group consuming NAB (p < 0.001) compared with the control group.
However, no significant differences in AST and ALT activity were observed between the
groups, and all enzymatic parameters remained within laboratory reference ranges throughout
the entire observation period. These results indicate that despite the observed increase in GGT
levels, liver enzyme values did not exceed reference ranges in the studied population [4].

In another study involving 22 adult men with a mean age of 35 years (age range: 23-58 years),
daily consumption of beer, both alcoholic and non-alcoholic, did not lead to an increase in the
activity of AST, ALT, or GGT (AB group: AST p = 0.944, ALT p = 0.406, GGT p = 0.085;
NAB group: AST p=0.905, ALT p=0.779, GGT p = 0.759). However, a decrease in alkaline
phosphatase (ALP) levels was observed after four weeks of intervention (NAB group: p = 0.015;
AB group: p = 0.028). Measurements of electrolytes indicated a moderate increase in potassium
concentration and a decrease in sodium levels; however, both parameters remained within
reference ranges [5].

Another study involving a four-week intervention conducted in a group of women and men
aged 40-60 years demonstrated that moderate consumption of NAB did not cause significant
changes in liver enzyme activity, and their values remained within reference ranges throughout
the study period [19].

In the study involving 44 young men, the degree of hepatic steatosis assessed by elastography
using the controlled attenuation parameter (CAP) decreased in the groups consuming water and
non-alcoholic wheat beer. In the groups consuming mixed non-alcoholic beer and non-alcoholic
pilsner, no significant changes in this parameter were observed. Liver stiffness decreased only
in the control group, whereas in the remaining groups it showed a slight increase, while still
remaining within physiological limits [3].

Effects of Non-Alcoholic Beer on Body Composition

In the previously mentioned study involving 44 young men who consumed different types of
NAB, the overall analysis of body composition showed a decrease in body fat percentage in
most of the study groups. An exception was observed in the group consuming mixed non-
alcoholic beer, where a slight increase in this parameter was recorded; however, this change
was not statistically significant (p = 0.21) [3].

In a study conducted among postmenopausal women, it was found that after 24 months both
the AB and NAB groups showed a slight increase in the percentage of android and gynoid fat
mass compared with the control group, in which a decrease in these parameters was observed.
Differences between the AB group and the control group were significant for android fat (p =
0.007) and gynoid fat (p = 0.018), whereas the android-to-gynoid fat ratio did not differ
significantly (p = 0.407). In the NAB group, differences compared with the control group were
significant for android fat (p = 0.001), gynoid fat (p = 0.022), and the android-to-gynoid fat
ratio (p = 0.033) [4].

In the BEER-HIIT study, which involved healthy adults undergoing high-intensity interval
training, a significant reduction in visceral fat, waist circumference, and the waist-to-hip ratio
(WHR) was observed only in the group consuming NAB. In contrast, no significant changes in
these parameters were found in the groups consuming AB or a beverage with added ethanol [9].
In another study evaluating the effects of the non-alcoholic fraction of beer in women,
beneficial changes in abdominal adipose tissue were observed [8].



Effects of Non-Alcoholic Beer on Inflammatory and Systemic Parameters

In a study evaluating inflammatory markers and selected metabolic parameters, no significant
differences were observed between the groups, suggesting that four-week consumption of NAB
does not exert a significant pro-inflammatory or anti-inflammatory effect in healthy individuals.
This observation indicates that, within this study model, potential differences between the types
of beer were mainly related to metabolic parameters, with no clear changes observed in the
inflammatory response [3].

In a review paper by Zhang and colleagues, evidence was discussed suggesting that components
of beer, including those present in NAB, may influence the expression of genes associated with
the inflammatory response. In particular, a reduction in the transcript levels of pro-
inflammatory cytokines such as IL-1B and TNF-o was observed in selected experimental
models. These effects are interpreted as indicative of potential immunomodulatory and anti-
inflammatory activity. However, their clinical significance and the extent to which they
influence immune function in humans require further investigation [16].

Effects of Non-Alcoholic Beer on Gut Microbiota

Polyphenols present in beer, similarly to other phenolic compounds, may reach the intestine in
an unchanged or partially metabolized form, where they may potentially modulate the
composition of the gut microbiota. In a study analyzing the effects of NAB and AB, the largest
proportion of the baseline microbiota of participants consisted of bacteria from the phylum
Firmicutes (52% in the non-alcoholic beer group and 46% in the alcoholic beer group), followed
by Bacteroidetes (32% and 36%, respectively) and Actinobacteria (12% and 14%, respectively).
The study involved 22 adult men with a mean age of 35 years (age range: 23-58 years).
Participants were randomly assigned to one of the intervention groups in a 1:1 ratio [5].
Neither NAB nor AB induced significant changes at the level of specific bacterial genera.
However, in both groups an increase in microbial diversity was observed, as assessed using the
Shannon index (from 2.7 £0.3t02.9+£ 0.3, p=0.037, and from 2.8 £ 0.2t0 3.0 £ 0.2, p = 0.021,
respectively) [5].

In summary, four weeks of daily consumption of both NAB and AB during the study were
associated with an increase in gut microbiota diversity, while no changes in body weight, BMI,
or cardiometabolic markers were observed [5].

An increase in gut microbiota diversity is often interpreted in the literature as a potentially
beneficial feature of the intestinal ecosystem, associated with greater stability and an enhanced
ability to adapt to environmental changes. Disturbances in microbiota composition, including
alterations in the proportions of the main bacterial phyla, have been described in conditions
such as obesity, fatty liver disease, and chronic inflammation. However, the significance of the
Firmicutes/Bacteroidetes ratio as a universal marker of metabolic diseases remains a subject of
debate. The observed lack of significant changes in this parameter following the consumption
of non-alcoholic beer may suggest a neutral effect of this intervention on the composition of
the gut microbiota [20,21,22].

Polyphenols, Inflammation, and Immune Response

Naturally occurring polyphenolic compounds present in foods, including NAB, are described
in the literature as substances with antioxidant, anti-inflammatory, and antipathogenic
properties.

In a randomized study conducted among men participating in a marathon, researchers evaluated
whether chronic consumption of NAB could reduce exercise-induced inflammation and
decrease the incidence of upper respiratory tract infections following the race. The participants,
healthy men (n = 277, age = 42 £ 9 years), were divided into a group consuming NAB and a
placebo group. Among the analyzed parameters were the concentration of interleukin-6 (I1L-6),
leukocyte count, and the frequency of post-marathon infections [6].



Hop-derived prenylated flavonoids, such as xanthohumol and its derivatives, belong to the
group of polyphenols that in preclinical studies and review papers have been attributed
immunomodulatory and anti-inflammatory properties. These effects are thought to occur,
among others, through the modulation of signaling pathways associated with the activation of
NF-kB and the regulation of pro-inflammatory cytokine production. However, these effects
have been demonstrated mainly in experimental models and in the context of other
inflammatory conditions [14,23].

Endurance athletes, particularly marathon runners, represent a suitable model for evaluating the
immunomodulatory effects of such compounds, as prolonged physical exertion leads to
transient immunosuppression, increased levels of pro-inflammatory cytokines (IL-6, TNF-a),
disturbances in oxidative balance, and an elevated risk of upper respiratory tract infections [24].
The results showed a significantly lower increase in IL-6 concentration after the race in
individuals consuming NAB compared with the placebo group (p = 0.03), while IL-6 levels
before the marathon did not differ between the groups. A greater increase in C-reactive protein
(CRP) and leukocyte counts was also observed immediately after the race and 24 hours later in
the placebo group. In the NAB group, the leukocyte count after the race was 20% lower than in
the placebo group and remained lower 24 hours after the race compared with the placebo group
(p = 0.02). Additionally, within two weeks after the marathon, upper respiratory tract infections
occurred significantly less frequently in the NAB group (95% CI, OR = 1.38-7.66, p = 0.007)
[6].

Effects of Diet, Exercise, and Non-Alcoholic Beer on Nutritional Status, Endothelial
Function, and Quality of Life in Patients with Cirrhosis

A study published in 2020 evaluated whether the consumption of NAB, combined with diet
and physical exercise, could improve endothelial function, nutritional parameters, and quality
of life in patients with liver cirrhosis. The study included 43 patients, with 21 assigned to the
control group and 22 to the intervention group. The mean age of participants was 53.5 + 7.8
years, and 60% were women. Participants were divided into two groups: an intervention group
(non-alcoholic beer + diet + exercise) and a control group (water + diet + exercise). For eight
weeks, patients consumed 330 ml of non-alcoholic beer or the same volume of water daily,
while simultaneously following an individualized nutritional plan and a physical activity
program [7].

The authors of the study noted that, due to its composition, NAB may be considered a potential
component of nutritional interventions in patients with liver cirrhosis. This beverage provides
B vitamins, minerals, and polyphenolic and hop-derived compounds such as xanthohumol,
which have been described in the literature as possessing anti-inflammatory and antioxidant
properties. However, these effects were not directly evaluated in the study discussed [7].
Biochemical analyses showed stability of laboratory parameters in both groups. The only
baseline difference was a higher level of alkaline phosphatase in the intervention group. During
the intervention, an improvement in AST levels and an increase in platelet count were observed
in both groups (intervention group: ALT p =0.198, AST p = 0.035, platelets p = 0.046; control
group: ALT p = 0.024, AST p = 0.015, platelets p = 0.278). Other markers, including liver
function parameters, creatinine, glucose, and electrolyte levels, remained unchanged compared
with baseline values [7].

Among patients with impaired endothelial function at baseline, improvement was observed in
72.7% of individuals in the control group and in 83.3% of patients in the intervention group.
This change was statistically significant in both groups (p < 0.001). In the final analysis, a more
stable course of the curve and a return to baseline values were observed in the group consuming
NAB compared with the control group. Hemodynamic variables, such as blood pressure and
heart rate, remained stable in both groups (control group: SCT p =0.418, RCT p = 0.862, heart
rate p = 0.079; intervention group: SCT p = 0.513, RCT p = 0.385, heart rate p = 0.235) [7].



A favorable trend was also observed in the improvement of the phase angle (PhA), which is
considered an indicator of nutritional status and cell membrane integrity. Improvement was
observed in 63.6% of patients in the intervention group compared with 47.6% in the control
group [7].

Results regarding quality of life, assessed using the Chronic Liver Disease Questionnaire
(CLDQ), showed improvement in nearly all evaluated parameters among patients consuming
NAB, whereas changes in the control group were minimal [7].

The results of the study suggest that, within an intervention including diet and physical activity,
the consumption of NAB was associated with improvements in endothelial function, selected
indicators of nutritional status, and quality of life in patients with liver cirrhosis. These
observations indicate the potential usefulness of NAB as a component of nutritional
intervention in this patient population [7].

Effects of Beer, Non-Alcoholic Beer, and Water Consumption Before Exercise on Fluid
and Electrolyte Homeostasis in Athletes

The aim of the study was to compare the effects of consuming AB, NAB, and water (W) before
exercise on fluid and electrolyte homeostasis. The study participants were athletes: seven men
(19.1 £ 0.4 years) who performed 45 minutes of treadmill running at 65% of their maximal
heart rate, 45 minutes after consuming 0.7 L of water (W group), AB group, or NAB group.
Body weight, plasma concentrations of Na* and K*, and urine specific gravity (USG) were
assessed before fluid intake and after exercise [10].

After exercise, body weight decreased in the W, AB, and NAB groups (p < 0.05). By the end
of the exercise session, plasma Na* levels decreased in the W group (-3.9%) (p < 0.01) and the
AB group (-3.7%) (p < 0.01). Plasma K* levels increased in the AB group (8.5%) (p < 0.05),
while urine specific gravity (USG) decreased in the W group (-0.9%) and the NAB group (-
1.0%). No significant differences were found between the groups in urine output (p = 0.35),
sweat rate (p = 0.2), or total evaporative water loss (p = 0.36). These results indicate that the
consumption of non-alcoholic beer before physical exercise is comparable to water
consumption in terms of its effects on fluid and electrolyte homeostasis [10].

Consumption of alcoholic beer reduced plasma Na' levels and increased plasma K* levels
during exercise, which may negatively affect health and physical performance. In contrast,
water consumption before exercise may also lead to a decrease in plasma Na* levels during
physical activity [10].

Effects of Non-Alcoholic Beer on Plasma and Macrophage microRNA

One study evaluated how the consumption of AB and NAB modulates the levels of circulating
microRNAs as well as macrophage-derived microRNAs. Seven men aged 30-65 years with a
high cardiovascular risk participated in the study, which involved consuming 500 ml of
alcoholic or non-alcoholic beer daily for 14 days, with a 7-day washout period between
interventions [11]. MicroRNAs are short, non-coding sequences (22-24 nucleotides) that
regulate gene expression and play an important role in processes such as cholesterol metabolism,
type 2 diabetes, coronary artery disease, insulin sensitivity, endothelial function, and
inflammatory processes. This study represents one of the first investigations analyzing the
effects of non-alcoholic beer on microRNA profiles.

The study demonstrated that the expression of four plasma microRNAs changed significantly
depending on the intervention applied. After the consumption of AB, their levels increased,
whereas after the consumption of NAB they decreased. This applied, among others, to miR-
155-5p (p = 0.036), miR-328-3p (p = 0.036), and miR-92a-3p (p = 0.039). A similar pattern -
an increase in expression after AB consumption and a decrease after NAB consumption - was
observed for five microRNAs in macrophages: miR-145-5p (p = 0.038), miR-17-5p (p = 0.05),
miR-20-5p (p = 0.03), miR-26b-5p (p = 0.05), and miR-223-3p (p = 0.011) [11].



In the literature, miR-328 has been associated with myocardial infarction, atrial fibrillation, and
atrial enlargement, while miR-92a has been linked to adverse cardiac remodeling after
myocardial infarction. In contrast, miR-155 is commonly considered a pro-inflammatory
microRNA. The observed reduction in the levels of these microRNAs following the
consumption of NAB may indicate a potentially beneficial modulation of the molecular profile
associated with cardiovascular risk. Additionally, the levels of miR-320 were positively
correlated with LDL cholesterol concentrations, suggesting that higher expression of this
microRNA co-occurs with a less favorable lipid profile. The macrophage microRNAs whose
levels decreased after NAB consumption were associated, in bioinformatic analyses, with
signaling pathways classified as cancer-related. This finding indicates their potential regulatory
role in cellular processes; however, it does not allow conclusions to be drawn regarding any
oncoprotective effect [11].

The obtained results suggest that the consumption of NAB may modulate the microRNA profile
in a potentially beneficial direction with respect to processes related to the regulation of
inflammation and vascular function, due to the association of these microRNAs with
mechanisms relevant to the cardiovascular system. The observed differences may be related
both to the presence of polyphenolic compounds and to the absence of ethanol, which in the
study was associated with a different microRNA expression profile [11].

Neuroprotective Effects of Beer

Hop-derived compounds present in NAB, particularly iso-a-acids and prenylated flavonoids,
have demonstrated potential neuroprotective properties in experimental studies. Numerous
preclinical models have shown that iso-a-acids may cross into the central nervous system,
reduce B-amyloid accumulation, modulate microglial activity, limit neuroinflammation, and
improve cognitive functions, including memory processes [14,15,26,27].

Studies comparing the effects of NAB, containing iso-a-acids and trace amounts of ethanol,
with alcoholic beer with a comparable concentration of iso-a-acids have shown that both types
of beverages similarly stimulate the proliferation of SH-SY5Y cells as well as neuronal stem
cells (NES) [13]. NES cells are characterized by the ability to differentiate into neurons and
glial cells; therefore, their activation may be relevant in the context of regenerative processes
within the nervous system.

Discussion

The analysis of available studies indicates that NAB may represent a beneficial alternative to
traditional alcoholic beer in several health-related aspects. Studies evaluating the effects of
NAB on glucose metabolism and metabolic parameters suggest that differences in composition,
such as polyphenol content or the type of fermentation used, may influence the varied metabolic
effects observed among different types of NAB [3].

Changes observed in a study conducted among postmenopausal women suggest that NAB may
influence selected lipid parameters in this population; however, the small size of the NAB group
limits the possibility of drawing definitive conclusions [4]. Available data regarding the effects
of NAB on the liver indicate that short-term consumption of NAB does not lead to significant
impairment of liver function in healthy individuals or in selected clinical populations. Observed
changes in biochemical and elastographic markers appear to be minor, dependent on the type
of beverage consumed and the nutritional context, and in some studies are comparable to effects
observed in control groups [3,4,5,19].

Overall, the available evidence suggests that the impact of NAB on glucose metabolism is
limited, while its effects on lipid metabolism may depend both on beverage composition and
on the characteristics of the studied population. Beneficial effects have been observed among
postmenopausal women, whereas in populations of young men the effects of NAB consumption
appear to be more variable and dependent on the composition of the consumed beer. The
beneficial effects observed in postmenopausal women may potentially result from the presence



of prenylflavonoids, a subclass of flavonoid polyphenols present in hops, which exhibit
phytoestrogenic activity and may contribute to the prevention or alleviation of menopausal
symptoms [3,4,5,17,18].

NAB provides important bioactive compounds, including prenylated hop flavonoids such as
xanthohumol and its derivatives (e.g., isoxanthohumol), which exhibit anti-inflammatory and
antioxidant properties. Interventional studies have demonstrated that the consumption of non-
alcoholic beer is associated with an increase in gut microbiota diversity [5,6]. These changes
may potentially mediate the modulation of metabolic and immunological processes; however,
these mechanisms have not yet been conclusively confirmed and require further investigation.
Available studies do not demonstrate a significant effect of short-term consumption of NAB on
classical inflammatory markers in healthy individuals under resting conditions. At the same
time, some evidence suggests a potential anti-inflammatory and immunomodulatory effect at
the molecular level, particularly under conditions of increased physiological stress, such as
prolonged high-intensity physical exertion [3,6,16].

Studies conducted among athletes and marathon participants have shown that the consumption
of NAB before competition was associated with a milder inflammatory response following
intense physical exertion, reflected by a smaller increase in interleukin-6 (IL-6), C-reactive
protein (CRP), and leukocyte counts. The mechanisms underlying this phenomenon were not
clearly determined in the discussed study; however, they may be related to the presence of
plant-derived bioactive compounds such as polyphenols [6].

When combined with dietary intervention and regular physical activity, the consumption of

NAB was also associated with improvements in endothelial function, selected indicators of
nutritional status, and quality of life in patients with liver cirrhosis. It should be emphasized,
however, that the intervention applied was multifactorial, which prevents the observed effects
from being attributed exclusively to the consumption of non-alcoholic beer. Potential
mechanisms, such as improved adherence to dietary recommendations, increased intake of
certain micronutrients, or the effects of plant-derived bioactive compounds, have been proposed
in the literature; however, they were not directly evaluated in the discussed study and require
further investigation [7].

Furthermore, NAB containing iso-a-acids may exhibit potential neuroprotective effects at the
cellular level. This has been demonstrated in in vitro studies through the stimulation of
proliferation of neuron-like cells and neuronal stem cells. These observations suggest that such
compounds may participate in regenerative processes within the nervous system; however, their
functional significance and their potential influence on cognitive plasticity require confirmation
in in vivo studies [13].

Additionally, modulation of the expression of microRNAs associated with inflammatory
processes and lipid metabolism following the consumption of NAB may represent a potential
molecular mechanism contributing to favorable changes in biological profiles related to
cardiovascular risk [11].

From a metabolic perspective, most available short-term studies indicate that the consumption
of NAB is not associated with unfavorable changes in body weight or glycemic parameters in
healthy individuals. In this context, NAB may be considered a safer dietary component
compared with alcoholic beer, the consumption of which - particularly during physical exertion
- has been shown to exert a diuretic effect and may lead to disturbances in electrolyte
homeostasis, including decreased plasma sodium levels and increased potassium concentrations.
In a comparative study, NAB demonstrated a neutral effect on fluid and electrolyte balance
when compared with alcoholic beer [10].

In summary, NAB may combine the beneficial properties of polyphenols with a very low
ethanol content, which may translate into a reduced risk of adverse effects on the liver,
cardiovascular system, and metabolic processes, while preserving potential health benefits
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traditionally associated with beer, such as antioxidant, anti-inflammatory, and neuroprotective
effects.

However, it should be emphasized that most of the available studies are characterized by
relatively short durations and small sample sizes. Long-term studies evaluating the effects of
regular NAB consumption in different clinical populations are still lacking. Therefore, the
current conclusions should be considered preliminary and require further verification.
Conclusions

NAB may represent a potentially safe alternative to alcoholic beer, as it does not appear to cause
significant disturbances in liver function or adverse metabolic effects. NAB is a source of
bioactive compounds, such as polyphenols and xanthohumol, which exhibit anti-inflammatory,
antioxidant, and gut microbiota-modulating properties.

The consumption of NAB may positively influence lipid profile, nutritional status, and
neuroprotective processes, and may also reduce inflammation following physical exertion as
well as lower the risk of upper respiratory tract infections. When combined with physical
activity and an appropriate diet, NAB may improve the quality of life of patients with liver
cirrhosis, supporting both physiological and psychological aspects of health.

The available evidence also suggests that non-alcoholic beer may beneficially modulate
microRNAs associated with the cardiovascular system. Due to its polyphenol content, non-
alcoholic beer may therefore be considered a functional beverage that combines the potential
health benefits associated with beer with a minimal risk related to alcohol consumption.
Abbreviations
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