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Effect of moderate beer consumption (with
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Abstract

BACKGROUND: The main aim of this 2-year non-randomized parallel controlled clinical pilot trial was to evaluate the long-term
effect of amoderate daily intake of beer (with andwithout alcohol) on cardiovascular health in postmenopausal women. A total
of 34 participants were grouped into three study arms: 16 were administered alcoholic beer, 6 consumed non-alcoholic beer,
and 12 were in the control group. Changes in glucose metabolism, lipid profile, liver enzymes, anthropometric measurements,
body composition, and blood pressure variables were monitored. Data on medical history, diet, and exercise were collected,
and gustatory capacities were determined.

RESULTS: Moderate consumption of beer, both alcoholic and non-alcoholic, seemed to have positive effects on biochemical
indicators of cardiovascular health in postmenopausal women, with 660 mL day−1 of non-alcoholic beer reducing low-density
lipoprotein cholesterol blood levels, and 330 mL day−1 of alcoholic beer increasing high-density lipoprotein cholesterol. The
evolution of changes in android and gynoid fat percentage and their ratio differed significantly between study groups, which
was attributable to either the interventions or the disparity between groups regarding the time elapsed since menopause
onset. Iso-⊍-acids recognition threshold could be involved in intervention group election, whereas the sensory phenotypes
studied were not associated with alcohol drinking frequency.

CONCLUSIONS: Moderate beer consumption was found to improve the lipid profile of postmenopausal women, although their
effects in preventing cardiometabolic alterations deserve further research (trial registration number: ISRCTN13825020; https://
doi.org/10.1186/ISRCTN13825020).
© 2023 The Authors. Journal of The Science of Food and Agriculture published by John Wiley & Sons Ltd on behalf of Society of
Chemical Industry.

Supporting information may be found in the online version of this article.
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INTRODUCTION
Natural menopause is defined as the permanent cessation of
spontaneous menses due to loss of ovarian follicular activity,
which is accompanied by a drop in steroid and peptide hormone
production.1,2 Cardiovascular (CV) disease (CVD) is the main cause
of morbidity and mortality in postmenopausal women
worldwide,3 in whom the rate of CV events is 2.6-fold higher than
in premenopausal women of the same age.4 This can be
explained by the metabolic alterations associated with a decline
in circulating oestrogen levels after the onset of perimeno-
pause.5,6 A frequent metabolic disorder associated with meno-
pause is dyslipidaemia, involving a significant increase in serum
levels of triglycerides, total cholesterol (TC), low-density lipopro-
tein cholesterol (LDL-c), TC/high-density lipoprotein cholesterol
(HDL-c) ratio, and apolipoprotein (Apo) B. This condition, together
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with the aging process, accelerates the onset of atherosclerosis7,8

and is associated with an increase in body weight, accumulation
of abdominal fat, and the development of insulin resistance, glu-
cose intolerance, and high blood pressure (BP), resulting in a
higher risk of diabetes, coronary heart disease, heart failure, and
stroke, among others.9

In the absence of established recommendations regarding hor-
mone replacement therapy for the prevention of chronic
diseases,10 a growing number of women are seeking alternative
natural treatments to reduce the risk of developing CVD and other
postmenopausal symptoms. Therefore, the safety and effective-
ness of alternative strategies to hormone replacement therapy
have become a relevant subject of research.11,12 Phytoestrogens
are plant compounds similar in structure to endogenous oestro-
gens, which allows them to act as selective modulators of
oestrogen-dependent signals.13 Prenylflavonoids, a subclass
of flavonoid polyphenols, found in hops (Humulus lupulus L.), have
phytoestrogenic activity.14 Among them, 8-prenylnaringenin
(8-PN) has generated the greatest interest.15 Although found in
beer, the main source of 8-PN for humans is through the conver-
sion of isoxanthohumol (IX) by the intestinal microbiota.16

The bitter taste of beer depends to some extent on the content
and relative proportions of iso-⊍-acids (IAAs), also known as isohu-
mulones (i.e. isohumulone, iso-cohumulone, iso-adhumulone).17

Individual sensitivity to these compounds is mediated by bitter
taste receptors (T2Rs), specifically by T2R1, T2R14, and T2R40.18

The concentration of these compounds depends on the type of
beer production and the hop variety. The application of sensory
analysis in nutritional and clinical research is shedding light on
individual acceptance of dietary interventions and contributing
to the design of personalized nutrition aimed at improving health
and understanding the mechanisms involved.
Considering all the scientific evidence mentioned herein thus

far, the purpose of this research was to evaluate the effect of a
moderate daily intake of beer, with or without alcohol, on CV
health in postmenopausal women. The study was carried out over
2 years with repeated measurements of various CV health-related
parameters. Additionally, the characterization of the sensory per-
ception of subjects was evaluated to study their influence on
group intervention election as well as alcohol drinking habits.

MATERIAL AND METHODS
Experimental design, study population, and recruitment
This study was a 2-year non-randomized parallel controlled clini-
cal trial with three study arms: one group was administered the
equivalent of 14 g of ethanol per day in the form of alcoholic beer
(AB; 330 mL day−1); another consumed non-alcoholic beer (NAB;
660 mL day−1); and the control group refrained from consuming
alcoholic beverages, NAB, and hop-derived products. Participants
were allocated to a study group after a run-in period of 15 days,
and all were requested not to consume any other alcoholic bever-
age during the study. The eligible participants were 45‑ to
70-year-old women with a confirmed menopausal status. Also,
as one of the main objectives of the study was to assess the effect
of beer consumption on bone health,19 many of the exclusion cri-
teria were related to this issue. The participants were assigned to
an intervention group according to their preference. The detailed
experimental design can be found in a previous publication.19

A total of 37 women were selected and agreed to be part of the
study, 34 of whom completed the entire intervention. All partici-
pants signed informed consent forms, were required tomake four

assessment visits during the intervention period (at baseline, and
at 6, 12, and 24 months) and were later invited to the sensory
analysis. The study was conducted in compliance with the Decla-
ration of Helsinki, and all procedures were approved by the Bio-
ethics Commission of the University of Barcelona (Institutional
Review Board: IRB 00003099) in March 2017 for the main study
and in July 2022 for the complementary sensory evaluation.

Intervention product characterization and compliance
The detailed characterization of the intervention product can be
found in our previous publication,19 and phytoestrogens (xantho-
humol, IX, 6-prenylnaringenin, and 8-PN) content and alcohol in
the beer doses supplied to each intervention group are detailed
in Supporting Information Table 1. The volume of NAB adminis-
tered was double that of AB, owing to the detrimental impact of
non-alcoholic brewing processes on total prenylflavonoid
content.20

To standardize the daily dose of phytoestrogens administered
to each intervention group (AB and NAB), a specific brand of beer
and volume were selected. Participants were encouraged to drink
the beer at mealtimes, in accordance with the Mediterranean die-
tary pattern.21

The intervention products were provided monthly throughout
the study. The compliance level was assessed from 7-day dietary
records reviewed at each visit, as well as objectively by the mea-
surement of urinary IX, a specific biomarker of beer consumption.
This analysis was performed in 24-h urine samples collected at
the four visits (at baseline and at 6, 12, and 24 months) and
stored in aliquots at 80 °C, using solid-phase extraction liquid
chromatography–tandem mass spectrometry.22

Measurements and outcome assessment
Covariates assessment
Information was collected at baseline and updated at each visit.
The interviews were standardized and structured, using a ques-
tionnaire with sociodemographic and medical questions with an
emphasis on CV health, such as age, baseline diseases, medication
history, and current and past smoking and alcohol drinking habits.
Physical activity was estimated by the Minnesota leisure-time
questionnaire and expressed as the daily metabolic equivalent
of tasks (MET-min/day).23

Dietary intakewas estimated annually through a validated semi-
quantitative food frequency questionnaire consisting of
151 items,24 and as detailed previously.19 The estimation of micro-
nutrients in the diet was carried out in the same way, and the
absolute values of those with a possible influence on CV health
were reported.25-27 Furthermore, the overall diet quality was eval-
uated using the 14-point Mediterranean diet adherence question-
naire as an index of healthy eating at baseline.28

Anthropometric measurements and body composition
Anthropometric data were obtained at each visit; namely, weight,
height, body mass index (BMI), waist circumference (WC), and
waist/hip ratio (WHR). The measurements were performed by
trained technical health personnel following standardized proto-
cols.29 Diastolic BP (DBP) and systolic BP (SBP) were measured
by a validated semi-automatic digital sphygmomanometer
(Omron HEM-705CP model)(Madison, WI, USA) in triplicate.
Total and regional body composition were estimated using

dual-energy X-ray absorptiometry (GE-LUNAR iDXA Prodigy
equipment). Fat mass index (FMI; kg m−2) and lean mass index
(kg m−2) were obtained from total fat mass (kg) and total lean
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mass (kg) respectively in relation with height. Also, the percent-
age of android and gynoid fat was calculated, along with the
android-to-gynoid fat ratio. All these measurements were evalu-
ated at baseline and then annually by the CETIR medical group
(CETIR grup Mèdic, Barcelona, Spain).

Biochemical analyses
Overnight fasting blood and spot urine samples were collected at
each visit (between 8 and 9 a.m.). The automated biochemical
profiles were analysed at the Biomedical Diagnostic Centre of
the Hospital Clinic. The lower detection limit of plasma E2 was
12 pg mL−1; thus, levels below this limit were defined as
11 pg mL−1.

Sensory analysis
Recognition thresholds (RTs) were measured using a same–
different task approach, as described elsewhere,30 with some
modifications. Sucrose (sweet), monosodium glutamate (umami),
sodium chloride (NaCl; salty), citric acid (sour), phenylthiocarba-
mide (PTC; bitter), quinine (bitter), and sinigrin (bitter) were sup-
plied by Sigma Aldrich (St Louis, MO, USA), and an IAA-rich
extract (bitter) was supplied by Molina for Brewers (Hopalpha
ISO 30%, Molina for Brewers, Barcelona, Spain). Distilled water
was used as the solvent to prepare the corresponding solutions
and as a blank. Sample sets were administered in ascending con-
centrations (Supporting Information Table 2), placing 0.5 mL of
each sample at room temperature on the tongue. For each pair
of samples, participants had to indicate whether they detected a
difference in taste and to recognize the corresponding basic taste.
The assay stopped after correct recognition at a given concentra-
tion. RTs were scaled in multiples of one standard deviation. Test
solutions were randomized and blinded for participants, who
were requested not to smoke, chew gum, or eat/drink any prod-
uct except for water for 2 h before the test.
The total taste score (TTS), as an overall sensitivity measure, was

calculated as the sum of the normalized RT scores divided by the
total number of tastants assessed (n = 8). Total bitterness score
(TBS), as an approximation of overall sensitivity to bitterness,
was calculated as the sum of the four normalized RT scores for bit-
terness divided by four. Cronbach's ⊍was used to evaluate the TTS
(⊍: 0.552) and TBS (⊍: 0.548) internal reliability. Participants with a
PTC RT score of 1 (≤0.7 μmol L−1) were classified as super-tasters;
those with a score of 2 or 3 (3.5–14 μmol L−1) as tasters; and those
with a score higher than 3 (>14 μmol L−1) were in the non-taster
group.30

The perceived intensity of sweetness, bitterness, and sourness
of the AB and NAB brand used in the study was recorded with
the nose covered using a Likert scale (null, light, moderate, high).
Hedonist perceptions of AB and NABwere also recorded using the
same instrument with the nose uncovered. Liking for AB and NAB
in general was assessed through a yes/no question.

Statistical analyses
Differences in baseline characteristics and median RTs between
groups were assessed using the Kruskal–Wallis test for continuous
variables followed by the post hoc Dunn's multiple comparisons
test when significant differences were observed. For qualitative
variables, the chi-square test was performed and expressed as
number (n) and proportion (%). Spearman's correlation was
applied to study the relationship between different RTs and the
hedonic score and the perceived intensity of beer tastes: sucrose
RT and sweetness, citric acid RT and sourness, and IAA RT and

bitterness. Differences between AB and NAB three-dimensional
intensities were studied with a matched-pair signed-rank test.
The existence of possible intragroup differences in dietary

intake and physical activity during the intervention (at baseline
and at 12 and 24 months) was analysed with a matched-pair
signed-rank test for symmetrically distributed variables, whereas
a sign test of matched pairs was used for asymmetric variables.
Meanwhile, differences at the intergroup level were analysed with
the Kruskal–Wallis test followed by Dunn's post hoc test in the
case of statistical significance.
The effect of the intervention on biochemical, anthropometric,

and BP variables was tested through the generalized estimating
equation model, comparing repeated measurements over time
(identity link function, first-order autoregressive correlation, and
robust standard error parameters were specified). Three adjust-
ment models of increasing complexity were generated to avoid
other factors influencing the outcomes. Data were expressed as
adjusted mean differences and their 95% confidence intervals. A
time–exposure interaction term allowed the evaluation of poten-
tial differences between intervention groups in response to
changes over time. A test was also performed to measure the
trend of the extended response over time as a continuous vari-
able. Additionally, an analysis of variance for repeated measures
in order to study the time–exposure interaction among the three
study groups was carried out.
The evolution of variables with statistically significant differ-

ences between study groups at the end of the intervention
according to the generalized estimating equation was graphed.
Intra‑ and inter-group differences for each of these variables were
assessed in the same way as for the dietary intake and physical
activity variables throughout the intervention.
All statistical analyses were performed with STATA software

package 16.0 Special Edition (StataCorp LLC, College Station, TX,
USA). Statistical tests were two-sided and P-values below 0.05
were considered significant. Figures were prepared using the
Prism 9.0.0 software package.

RESULTS
Baseline characteristics of the study participants
Baseline characteristics of each study arm are shown in Support-
ing Information Tables 3 and 4. Briefly, the total sample of volun-
teers had amedian (Q1, Q3) age of 55 years (53, 58 years) and BMI
of 26.3 kg m−2 (24.7, 29.0 kg m−2). The only variables detected
with a statistical difference were related to alcohol consumption,
with members of the AB group reporting a higher intake com-
pared with the other two groups, with a preference for fermented
beverages such as beer and wine. Based on the dietary reference
values published by the European Food Safety Authority,31 the
diet of the participants was characterized as being low in carbohy-
drates, very high in dietary fibre, high in fat (especially saturated),
and high in sodium (Supporting Information Table 5). The nutri-
tional status of most participants was in the normal or overweight
category, with a high WC and a WHR bordering on the limit of
abdominal obesity, implying an increased risk of metabolic com-
plications32 (Supporting Information Table 4).
Regarding biochemical markers, despite significant differences

were found in the plasma liver enzymes aspartate aminotransfer-
ase and gamma-glutamyl transferase (GGT) at baseline, with
higher levels observed in the AB group than the control group,
but all were within the reference range, indicating that the differ-
ences observed are clinically irrelevant. As expected, follicle-
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stimulated hormone (FSH) levels were high in the three groups,
with the AB group presenting significantly higher levels. Finally,
all the remaining laboratory values were within the normal
ranges, except for TC, which was slightly above the reference limit
(>200 mg dL−1) in the AB and NAB groups (Supporting Informa-
tion Table 4).

Study compliance
The dietary self-records and interviews indicated that the general
level of compliance was 100% for the 34 volunteers who com-
pleted the 2-year intervention. Based on the presence or absence
of the beer biomarker IX in 24-h urine samples (limit of detection
<0.04 ppb), determined at baseline for the run-in period and then
throughout the study, compliance was respectively 50% and
97.9% for the AB group, 83.3% and 77.8% for the NAB group,
and 100% and 97.2% for the control group.

Controlled covariates
Statistical differences between groups were only observed at the
dietary level, specifically in carbohydrate intake, which was signif-
icantly higher in the NAB group at 24 months compared with the
other two groups. Although NAB consumption was responsible
for an average of 5.2% of the daily energy intake in the form of car-
bohydrates compared with 1.8% provided by AB, these differ-
ences could be a consequence of the low carbohydrate intake
by the AB and control groups; a significant decrease in consump-
tion of this macronutrient was even observed in the AB group
throughout the intervention. A lower consumption of simple
sugars, expressed as a percentage of energy intake, was also
detected in the AB group compared with both the control and
NAB groups at 12 months, being similar to the NAB group only
at 24 months. The daily intake of saturated fatty acids in the con-
trol group tended to decrease over the course of the intervention
(Supporting Information Table 5). As expected, alcohol consump-
tion was significantly higher in the AB group than in the other
groups at each assessment visit. However, it should be noted that
the intake in the AB group was also significantly higher at the end
of the intervention than at baseline.

Glucose control and lipid profile
During the intervention, no significant differences were observed
between the study groups regarding changes in glycaemia, glyco-
sylated haemoglobin, triglycerides, and Apo A1 (Table 1). At
12 months, Apo B levels had decreased more in the NAB group
than in the control and AB groups. However, these differences lost
statistical significance when the whole intervention was
considered.
An important finding is that HDL-c levels of AB-consuming post-

menopausal women had increased significantly at 24 months
compared with the control group, exhibiting a continuous grow-
ing trend over time (P-trend: 0.006). Consequently, the TC/HDL-c
and LDL-c/HDL-c ratios of the AB group decreased significantly
compared with the control group in the same period, and linearly
with time–exposure (P-trends: 0.004 and 0.003 respectively).
Another interesting outcome was that serum LDL-c levels in the

NAB consumers had decreased significantly compared with
the control group at 12 and 24 months and the AB group at
12 months. Also, the NAB group showed a significant decrease
in TC levels at 12 months compared with both the control and
AB groups. Nevertheless, these differences lost their significance
when the whole intervention was considered. In contrast, no sig-
nificant differences were found when comparing changes in

either LDL-c or TC in AB consumers with those of the control
group. Supporting Information Fig. 1 summarizes and illustrates
the evolution of the biochemical markers that differed signifi-
cantly between the study arms after 24 months of intervention.

Liver enzymes
At 24 months, GGT levels had increased significantly in both the
AB and NAB groups compared with the control group, whereas
no significant differences were observed between groups in
aspartate aminotransferase and alanine aminotransferase levels.
All the liver enzymes tested remained within the normal range
of values throughout the study.

Anthropometric measurements, body composition and BP
No significant differences were observed between groups regard-
ing changes in BMI, WHR, and FMI (Table 2). Although a greater
decrease in WC was observed at 12 months in NAB consumers
compared with the AB and control groups, and the total fat mass
had increased significantly in AB consumers compared with the
control group, the differences lost statistical significance at
24 months. Additionally, the two beer-drinking groups had worse
values than the control group in terms of android and gynoid fat
mass percentages and the android/gynoid ratio, with a slight
increase observed at 24 months, compared with a marked
decrease in the control group. Changes in the AB group were
not statistically different compared with the NAB group.
Finally, significant differences were observed in DBP between

the AB and NAB groups at 24 months, with an expected
increase of 0.21 mmHg (95% confidence interval (CI): 0.03, 0.40;
P-trend: 0.023) for every 12 additional months of consuming
330 mL day−1 of AB in comparison with the habit of consu-
ming 660 mL day−1 of NAB during the 2-year period. No signifi-
cant differences were found regarding SBP between the study
groups.
The progressive changes in the variables that differed signifi-

cantly between groups at the end of the intervention are illus-
trated in Supporting Information Fig. 2. Additionally, the FMI, a
variable of particular interest, was graphed to visualize the evolu-
tion of body composition in each group throughout the
intervention.

Sensory analysis
The participants who chose to drink beer (either AB or NAB) had a
higher mean TTS (i.e. lower taste sensitivity) than those in the con-
trol group (mean TTS for the two beer groups: 0.237 ± 0.142;
control group: 0.137 ± 0.103; P-value: 0.050). Similarly, the beer
consumers had a higher mean RT for IAA and TBS (IAA-rich extract
RT score: 4.3 ± 1.8; IAA-rich extract RT: 62.8 ± 52.3 μmol L−1; TBS:
0.45 ± 0.23) than the control group (IAA-rich extract RT score:
3.4 ± 1.5; IAA RT: 31.89 ± 40.5 μmol L−1; TBS: 0.28 ± 0.14).
The IAA RT was higher in NAB consumers than in the control

group (IAA RT score for the NAB group: 5.6 ± 0.5; control group:
3.4 ± 1.5; AB group: 3.8 ± 1.8; P-value: 0.061). In contrast,
the three study arms did not differ in the sucrose RT (P-value:
0.738), PTC phenotype distribution (P-value: 0.713), or TTS
(P-value: 0.115).
The beers differed significantly in terms of taste intensity:

AB was found to be more bitter (P-value: <0.001) and less sweet
(P-value: 0.041) than NAB. The mean sourness intensity score for
AB was the only recorded dimension that correlated well with
the corresponding RT for the molecule eliciting this basic taste
(r: 0.391; P-value: 0.048). Additionally, the IAA RT was inversely
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correlated with the hedonic liking score for AB (r: −0.506; P-value:
0.014), but not with bitterness intensity (r: 0.127; P-value: 0.535).
In response to a yes/no question about liking AB, 70.0% of the

control groups and 80.0% of the NAB group gave a negative
answer, whereas all members of the AB group declared they liked
AB (P-values: 0.001). On the other hand, 70.0%, 50%, and 20% of
the control, AB, and NAB groups respectively stated they did not
like NAB (P-value: 0.186). The PTC phenotype and the sucrose RT
were not associated with alcohol drinking frequency.

DISCUSSION
Although consumption of beer has been associated with negative
health effects in the general population, such as weight gain and
visceral fat accumulation,33,34 many studies have reported that
moderate beer intake can have beneficial effects on the lipid pro-
file, CV risk, and mortality, mainly attributable to the polyphenol
content.35-37 Nevertheless, few studies evaluating the relationship
between beer and CVD have stratified their conclusions by sex.36

The previously published mid-term results of the present clinical
trial were encouraging in terms of effects on CV risk factors, with
a reduction in serum levels of LDL-c and a slightly decreasing
trend in DBP observed after 6 months of NAB consumption.38

The nutritional status and anthropometric measurements
related to abdominal obesity at baseline indicated that the study
population was at CV risk. This was expected, as an increase in fat
mass and its redistribution at the abdominal level are well-
documented morphological changes associated with meno-
pause.32 Although significant differences in alcohol consumption
were found between the three study arms at baseline, the levels
of intake could be considered as low risk, not exceeding
16 g day−1, which might be the amount recommended for
women for a cardioprotective effect.36

An improvement in HDL-c levels in healthy subjects resulting
from moderate and regular alcohol consumption has been
repeatedly reported in the literature, although the mechanisms
involved are still not entirely clear.39-41 In addition, studies have
described this effect in consumers of AB but not NAB, which
seems to support the hypothesis that it is essentially a conse-
quence of alcohol consumption.35,42 As well as HDL-c, the ratios
of TC/HDL-c and LDL-c/HDL-c have been described as CV risk indi-
cators with greater predictive value than the individual lipid
parameters used independently.43 Therefore, their reduction rep-
resents a beneficial factor for the health of low to moderate AB
consumers.
Similar to the results of the present clinical trial, studies on

chronic but moderate beer administration and CV health in
humans found that NAB consumers had significantly lower TC
levels than AB consumers did, regardless of sex.35 Moreover, the
NAB arm of the present study also showed a significant long-term
decrease in serum LDL-c levels compared with the control group,
which accounts for the greater reduction in TC in NAB drinkers
than in the other groups. It can be hypothesized that this benefi-
cial effect on the lipid profile is due to the bioactive fraction of
beer, considering that studies on phytoestrogen supplementa-
tion in postmenopausal women for more than 8 weeks also report
improvements in serum TCs and LDL-c.44 However, these
improvements were more evident in participants with high base-
line cholesterol levels, which is consistent with the characteristics
of the present study population. Indeed, a prospective, random-
ized cross-over trial (RCT) reported that the changes in the lipid
profile in moderate consumers of NAB or AB (men and women)
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followed a different pattern according to whether baseline LDL-c
levels were below or above 130 mg dL−1.45

Consumption of AB or NAB did not have an impact on glucose-
related variables during the 2-year intervention. Similarly, two
previous studies found the same result in a 33 high CV risk male
cohort42 and in a 51 non-diabetic postmenopausal women
cohort.46 Considering that these two RCTs involved short inter-
ventions of 4 weeks and 8 weeks respectively, our study provides
additional relevant information about long-term beer consump-
tion, which had neither positive nor negative effects on blood glu-
cose levels and glycosylated haemoglobin in non-diabetic
postmenopausal women.
The analysis of liver enzymes indicated that daily moderate con-

sumption of either AB or NAB had a low risk of hepatic disease for
the sample population. Other studies have similarly found that
consumption of AB in moderate doses (e.g. one can of beer per
day for women) does not modify or induces only small changes
in liver enzymes compared with the reference ranges in
plasma.45,47 The cause of changes in GGT after regular NAB con-
sumption remains unknown. In any case, these findings need
careful interpretation, as the liver enzymes analysed were at nor-
mal basal levels and the participants did not suffer from previ-
ously diagnosed hepatic diseases.
The anthropometric and body composition parameters mea-

sured in the present study are frequently used as risk factors for
CVD and associated mortality.45,48–50 Thus, the fact that no signif-
icant long-term differences were found in BMI, FMI, WHR, and WC
between those who drank either type of beer or the control group
is a relevant health outcome, which is supported by other stud-
ies.42,45 Although both studies were of short duration, their results
are consistent with those obtained in the present clinical trial, as
we found that long-termmoderate beer intake did not have a sig-
nificant impact on those CVD risk factors.
Beyond the traditional estimators of abdominal fat, such as WC,

with inter‑ and intra-evaluator variability inherent to the mea-
surement, more sensitive techniques are used to characterize
body composition. Accordingly, changes in android and gynoid
fat percentage and their ratio were found to differ significantly
between the study groups. The effect of low tomoderate drinking
beer on abdominal fat is a controversial issue, with conflicting evi-
dence in the literature. The consumption of AB has been directly
and proportionally correlated with the accumulation of visceral
adipose mass,33,34 but other studies describe the opposite or null
effect.51,52 In the present study, the dietary covariates were con-
trolled and the participants were encouraged to drink beer at
mealtimes. No significant differences in daily energy or carbohy-
drate intake were reported between the AB and control groups,
and, paradoxically, the AB group significantly decreased their car-
bohydrate intake in relation to the baseline. On the other hand,
the pronounced reduction in android and gynoid fat observed
in the control group was not associated with alcohol consump-
tion, which remained at negligible levels throughout, but this
could be related to a decrease in the percentage of saturated fatty
acids in the daily energy intake. An accelerated increase in fat
mass occurs during the first 4 years after menopause, together
with changes in its distribution, after which the process slows
down.53,54 Considering that, at the beginning of the trial, the time
since menopause onset was approximately 3.6 years in the con-
trol group, compared with 2.3 years in the AB group and 1.9 years
in the NAB group, it can be presumed that the variations in body
composition associated with menopause had decreased for the
control group but not for the other participants.

Although a significant increase in DBP was observed in the AB
group compared with the NAB group, this effect was not signifi-
cantly different compared with the control group's evolution. In
a meta-analysis of controlled clinical trials, eight studies reported
no significant differences in DBP or SBP between the AB and con-
trol groups, whether NAB or placebo.35 Additionally, a systematic
review and meta-analysis of cohort studies found no increased
risk of hypertension in women consuming one to two servings
of alcohol per day (relative risk: 0.94; 0.88–1.01) compared with
abstainers.55 The mechanism underlying the effect of alcohol on
BP has not yet been fully elucidated,56 although the impact of
light to moderate alcohol consumption is expected to be short-
term and reversible.57

The liking of beer was a significant factor in the participant's
choice of study arm. Our findings suggest that the sensory per-
ception of beer could be conditioned at least partially by the
IAA RT. Participants in the NAB and control groups reported a
lower alcohol intake at baseline, which could indicate that they
did not like alcohol and/or the bitterness of beer, as suggested
by Guinard et al.58 Although the IAA content of the beers admin-
istered in the present study was not quantified, levels of approxi-
mately 40–100 μmol L−1 have been reported in alcoholic lager
and 35 μmol L−1 in non-alcoholic lager.59 Thus, the mean IAA RT
for AB and NAB was similar to or above the expected IAA content
in lager beers, which could explain the null correlation between
this sensory factor and bitterness and indicate a promising biolog-
ical implication, because some beer matrices may not contain
this component at a suprathreshold level for some subjects.
Hedonic considerations might also have affected how subjects
approached the intensity score procedure.
It has been suggested that drinking behaviour and preferences

for specific alcoholic beverages might be influenced by genetic
variations in taste receptors. Accordingly, the PTC taster pheno-
type was found to predict a lower average consumption of stan-
dard alcoholic drinks,58,60,61 although this was not the case in
the present study. The IAA together with the low drinking habit
might explain why some participants chose to be included in
the NAB group, whereas IAA RT itself might explain the beer's
arm choices (either AB or NAB). Further research on individual
taste sensations (sensitivity, intensity, and hedonism) in large
cohorts would be useful to identify individuals that may benefit
from moderate beer consumption or those more likely to accept
and comply with a moderate beer intervention.
One of the main strengths of this study is its 2-year duration,

considerably longer than other similar studies, which made it pos-
sible to evaluate the long-term effects of alcohol and bioactive
components of beer in postmenopausal women. In addition, the
findings of the study expand the limited existing evidence for
the effect of beer on CV health in this population and shed light
on its protective action against CV alterations associated with
menopause. Limitations of this clinical trial are the small sample
size, along with the uneven size of the study arms, the lack of
power calculation, and the post hoc analysis. Additionally, as the
study was initially planned to assess the effects of beer intake
on bone health, the exclusion criteria did not include a family his-
tory of CVD, so certain results may be biased by this parameter.
Moreover, the AB and NAB doses differed not only in the pres-
ence/absence of ethanol, but also in the prenylflavonoid profile,
which may have influenced the results of the intervention. Com-
parisons with studies on other phytoestrogen food sources
(e.g. soya, flaxseed, red clover) are difficult due to differences in
components, doses, and duration as well as individual inter-
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variability in compound metabolism. Finally, the sensory evalua-
tion was carried out after the end of the intervention.

CONCLUSION
To sum up, this clinical trial can serve as a pilot study for future
research, as the results indicate that beer consumption has posi-
tive effects on some CVD risk factors. It remains unclear whether
these improvements are due to the antioxidant and anti-
inflammatory properties of beer polyphenols or whether phytoes-
trogenic components (also phenolics) regulate blood lipids by
acting as replacements of endogenous oestrogens. Nevertheless,
these findings could be of interest for food innovation strategies
to boost the healthy properties of beer, considering also that
14 g day−1 of alcohol in beer form a significantly increased serum
level of HDL-c. Further RCTs about the effect of non-alcoholic and
alcoholic beer fractions on CVD risk factors in postmenopausal
women should be performed to confirm these results. Also
required are more in vivo and in vitro studies on the mechanisms
of action underlying the effects observed in these types of inter-
vention. Furthermore, this study supports the future role of sen-
sory nutrition in the development of food sciences clinical trials
and the discussion of findings.
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