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The present review focuses on the effects of non-alcoholic components of beer on abdominal fat, osteoporosis and body

hydration in women, conditions selected for their relevance to health and aging. Although beer drinking is commonly

believed to cause abdominal fat deposition, the available literature indicates this outcome is inconsistent in women.

Additionally, the non-alcoholic beer fraction might improve bone health in postmenopausal women, and the effects of beer

on body hydration, although still unconfirmed seem promising. Most of the health benefits of beer are due to its bioactive

compounds, mainly polyphenols, which are the most studied. As alcohol-free beer also contains these compounds, it may

well offer a healthy alternative to beer consumers.
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Several studies have shown that binge drinking of alcoholic beverages leads to non-desirable outcomes, which have

become a serious threat to public health. However, the bioactive compounds in some alcohol-containing beverages might

mitigate the negative effects of alcohol. In beer, the variety and concentration of bioactive compounds in the non-alcoholic

fraction suggests that its consumption at moderate levels may not only be harmless but could also positively contribute to

an improvement of certain physiological states and be also useful in the prevention of different chronic diseases.

1. Introduction

Beer, an alcoholic drink composed of four main ingredients (water, malt, hops, and yeast) , is one of the most consumed

beverages in the world . From a nutritional point of view, its main components are water (around 90%), followed by

carbohydrates, ethanol, minerals, vitamins, and bioactive compounds such as polyphenols and organic acids (iso-α-

humulones). Beer composition, as well as its flavor, taste, and texture, differs considerably according to the ingredients

and processing techniques . Besides their health benefits, the bioactive compounds are also linked to the sensory

characteristics of beer .

2. Beer Consumption Related to Health and Disease in Women

2.1. Beer, Abdominal Fat, and Weight Gain

A widely held belief is that beer consumption directly contributes to an increase in abdominal fat and ultimately leads to

overweight and obesity. This assumption might be due to the nutritional value of beer, since it contains not only alcohol but

also more carbohydrates than other alcoholic drinks . In this section, we assess whether or not beer consumption can

increase abdominal fat and site-specific adiposity in women, central obesity being the most relevant sign of metabolic

syndrome (MetS) .

Several studies have investigated the effects of gender in the relationship between beer consumption and abdominal

adiposity . A systematic review of observational studies published before November 2010 indicates that there is an

inverse or no association between general obesity and moderate beer consumption in women, while findings referring to
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abdominal obesity seem to be inconsistent . The authors pointed out that these conflicting observational data may be

explained by the small proportion of women beer drinkers and their relatively low beer intake in the studies analyzed .

Alcohol or beer consumption and abdominal fat or weight gain have been described as having a U-shaped relationship,

with the lowest BMI values observed in women who consumed an average of 6–24 g/day of alcohol . In another study,

women with a low beer consumption (maximum 1.32 L/week) also had the lowest WHR values, whereas non-consumers

had the highest WC . In the Third National Health and Nutrition Examination Survey (NHANES III), the lowest MetS and

WC values were observed in the mild to moderate beer and wine drinkers . Consequently, it can be stated that

excessive beer intake may contribute to a higher WC and WHR, and even a higher overall BMI, yet the regular

consumption of less than 0.5 L/day of beer (4% alcohol) seems unlikely to have this effect, according to the data available

in cross-sectional and prospective observational studies .

In a study focused on the effects of a moderate beer intake on the body composition of healthy adults undergoing a high-

intensity interval training, the group consuming alcohol-free beer experienced a significant decrease in visceral adipose

tissue and WC, and a clear decreasing trend in the WHR. The other groups (consuming beer or water supplemented with

vodka ethanol) did not show any changes in these variables .

Now, we should look for the compounds of regular and non-alcoholic beer responsible of these effects. The main bitter

compounds of beer are iso-α-acids or iso-α-humulones, derived from the isomerization of α-acids in hops during brewing

. A study of mice fed with a high-fat diet (HFD) supplemented with iso-α-acids reported significantly reduced body

weight, epididymal fat weight, and plasma triglyceride levels after the intervention, whereas in the control group the values

increased . As in other studies, it was concluded that iso-humulones might have a protective effect on internal organs

damaged by obesity, making this a promising line of future research . Iso-α-acids bind and activate both peroxisome

proliferator-activated receptors α (PPARα) and γ (PPARγ), which exhibit anti-obesity and anti-inflammatory activities in

vivo . Regular beers contain 20–40 mg/L of iso-α-acids , and some bitter beers up to 50–80 mg/L .

2.2. Beer and Osteoporosis

Known as one of the most important health-related conditions of aging, osteoporosis is attributed to a decrease of bone

mineral density (BMD), which ultimately leads to increased bone fragility . Although common, the condition is

underdiagnosed and undertreated, and clinical trials and public health strategies are needed to improve screening and

management . Nutrition, exercise and lifestyle are recognized as important aspects in osteoporosis prognosis , so

modifiable environmental factors such as diet should be considered in its management .

Most of the positive effects of beer on osteoporosis in postmenopausal women have been attributed to the non-alcoholic

fraction, specifically to polyphenols, silicon and α-acids. Among phenolic compounds, flavonoids have been inversely

linked to bone resorption biomarkers in Scottish women aged 45–54 years. The flavonoids most consumed by the

participants were catechins, demonstrating the significant contribution of these compounds to improving BMD . The

bioactive compounds in hops have been proposed as an alternative to conventional hormone replacement therapy. In

particular, the phenolic phytoestrogens from hop extract seem to exhibit estrogen-like effects on bone metabolism . A

recent study in animals found that hop extract containing phytoestrogens and iso-α-acids attenuated bone loss and

reversed high bone turnover in ovariectomy mice . Furthermore, in vitro experiments demonstrate that hop

phytoestrogens (XN, IX, 6-PN, and 8-PN) regulate both osteoblast and osteoclast activities, while α-acids exert a strong

bone resorption inhibitory activity, however, the recommended dosage is still unclear .

The phytoestrogen XN inhibits the receptor activator for the nuclear factor κ B ligand (RANKL) signaling pathway, which

has been identified as critical to osteoclast formation and bone resorption . XN has also been reported to promote

osteoblast differentiation, up-regulate alkaline phosphatase activity, and increase the expression of osteogenic marker

genes in osteoblastic cell lines . Interestingly, Prouillet et al. (2004) had previously suggested that one of the

consequences of increased alkaline phosphatase activity could be an activation of the ER , and another study

described an inhibitory resorption effect of XN in a dose-dependent manner . Regarding 8-PN, a recent review of its

therapeutic perspectives discusses plausible mechanisms for the anti-osteoporotic properties of this intestinal metabolite.

8-PN has preferential binding to ER-α, which is the prevailing ER in bone tissue, and its prenyl group seems to be

essential for the anti-osteoporotic mechanism . In summary, the beneficial effects of 8-PN, promoting bone formation

and inhibiting bone resorption, are mediated by ER-α instead of ER-β, and it is more potent than the isoflavones genistein

and daidzein .

To sum up, bone remodeling is a slow process and aging affects bone turnover . The phenolic fraction of beer,

including phytoestrogens and iso-α-acids from hops, and the silicon from malt seem to play a role in osteoporosis

prevention. However, long-term clinical trials are needed to better predict the impact of beer consumption on bone mass,
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a major concern for postmenopausal women suffering from bone loss.

2.3. Beer and Body Hydration

Hydration has a crucial impact on a variety of factors related to the correct functioning of the body and specific

recommendations are needed for each population group. Female sex hormones affect the body water balance, although it

is still unclear how the regulation of hydration in women may enhance wellness, safety, and mental and physical

performance . Estrogen and progesterone levels have been correlated with body fluid regulation and thermoregulation

changes . As more water is retained in the body when estrogen levels are high , hormonal depletion in menopause

results in a loss of hydration, which should be carefully monitored. Current literature reports that estrogen therapy

increases osmotic sensitivity and water retention, helping menopausal women to control diuresis and prevent dehydration

. The effect of estrogen on fluid regulation in older women seems to be related to sodium retention . Not only the

menopause but aging itself affects the fluid balance .

Several studies have investigated the effect of beer or its components in those practicing sports, monitoring hydration

status, muscle performance, environmental conditions, and duration of exercise in male athletes . The most

controversial component of beer is ethanol. An early study from 1997 reported that the retention volume of the total fluid

ingested was about 20% lower in those who consumed an alcohol-free beer supplemented with 4% alcohol compared to

those who drank non-supplemented alcohol-free beer, following intermittent cycle ergometer exercises in the heat that

induced dehydration of up to 2% of body mass . Alcohol itself undoubtedly has a negative effect on exercise

performance, although its extent may also depend on other factors, such as the mode and duration of exercise . In

extreme conditions, when the body requires greater hydration, any diuretic or anti-hydration effect of the ethanol in beer is

more easily noted. Jiménez-Pavón et al. (2015) observed that consumption of 660 mL of regular beer (4% alcohol) after 1

h of running in hot conditions had no deleterious effect on any hydration marker . Two other studies evaluated the effect

of water, beer or alcohol-free beer on fluid and electrolyte homeostasis in male athletes or physically active men .

Castro-Sepulveda et al. (2016) reported that an intake of 700 mL of alcoholic beer before aerobic exercising increased

plasma K and decreased plasma Na  during the exercise activity, with a negative impact on athletic performance.

Notably, this effect was not observed when alcohol-free beer was administered, to the extent that the decrease in plasma

Na during exercise was lower than after the ingestion of water. Accordingly, alcohol-free beer might be an effective sports

drink for maintaining electrolyte homeostasis in males when taken before exercise . In contrast, another study found

that rehydration of young, healthy, and physically active males with non-alcoholic beer was not advantageous with regard

to water . A more recent study evaluated the effects of ingesting isotonic drinks or beer with different alcohol

concentrations after mild dehydration or exercise among males. The net fluid balance was measured after a 5-hour

observation period and the lowest rate of fluid retention (21%) was obtained for beer with 5% alcohol, whereas the highest

(42%) was recorded for an isotonic sports drink . Interestingly, the effects of modifying the sodium and alcohol content

of beer have also been studied . Participants consumed low-alcohol beer (2% alcohol + 25 or 50 mM/L of sodium) or

normal beer (3.5% alcohol + 25 mM/L of sodium) and after exercise, the greatest fluid retention was observed in

consumers of beer with the highest electrolyte content and the lowest concentration of alcohol (2% alcohol + 50 mM/L of

sodium) .

While non-alcoholic beer has promising effects in terms of fluid homeostasis in the context of aerobic exercise, a low dose

of alcohol (0.5 g/kg of body weight) consumed before muscle damage-inducing anaerobic exercise had no impact on the

posterior muscle performance or related water loss in ten healthy young males .

Notably, all the aforementioned studies were performed in men. More research is needed to understand the effects of

different types of drinks on the hydration state of female athletes, in order to improve performance and provide

personalized supplementation recommendations .
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