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diuretic, and antidiarrheic properties around the 
4th century BC. For ages, until the 20th centu‑
ry, alcohol was widely used as a medicinal rem‑
edy, as seen in the New Testament’s parable of 
the Good Samaritan, where wine was applied to 
dress wounds.1,2 In Poland, the first vineyards ap‑
peared 1000 years ago on the Wawel Hill. Wine is 
a drink resulting from alcoholic fermentation, ob‑
tained exclusively from fresh grapes or their juice 
(so ‑called must), with a possible addition of per‑
mitted substances, produced in accordance with 
established enological processes.1,2

It is believed that fermented drinks were con‑
sumed as far back as in the Late Neolithic peri‑
od. The earliest surviving texts mentioning beer 
brewing and consumption date back to around 
4000 BC from Mesopotamia.1,2

Brief history of alcohol consumption Determin‑
ing the exact origins of alcohol consumption is 
challenging. The history of wine began in Geor‑
gia 8000 years ago. Hippocrates did not recom‑
mend wine to children and pregnant women, and 
he expressed his philosophy regarding the ben‑
eficial effects of wine in a well ‑known principle: 
“Wine is fit for man in a wonderful way provid‑
ed that it is taken with good sense by the sick as 
well as the healthy.” Galen, who successfully de‑
veloped this theory, also considered wine an im‑
portant element of medical therapy. In his work 
De antidotis, he also mentioned many wine ‑based 
antidotes against poisons commonly used at that 
time.1,2 Growing popularity of alcohol consump‑
tion was linked to its perceived medicinal prop‑
erties. Aristotle noted wine’s sedative, analgesic, 
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It is estimated that one ‑third of the world’s population consumes alcohol. At the same time, it is well ‑known 
that excessive alcohol consumption in one of the leading causes of premature mortality. The history of 
production of alcoholic beverages, especially wine, dates back as long as 8000 years. However, people 
soon realized adverse effects of alcohol abuse and tried to limit its consumption. Higher alcohol consump‑
tion is associated with health loss and increased risk of all ‑cause mortality. It is linearly associated with 
a greater risk of many types of cancers, liver disease, incidence of atrial fibrillation, hemorrhagic stroke, 
or heart failure. Although many scientific societies recommend reduction of alcohol intake and specify 
the recommended limits of consumption, there is no proven safe amount of alcohol for the general popula‑
tion. There are conflicting data on the effect of low ‑to ‑moderate alcohol consumption on mortality, with 
most of the studies indicating a J ‑shaped curve related mostly to a reduction of coronary artery disease 
complications, including cardiovascular death. Among different types of alcohol, red wine consumption 
may have different health effects, due to its high content of antioxidative polyphenols. Wine, together 
with abundance of plant ‑based foods, olive oil, and fish, is an important part of the Mediterranean diet. 
There are both observational and randomized studies documenting a wide spectrum of health ‑promoting 
effects of such a diet, especially a reduction in major adverse cardiovascular events. People who want 
to drink alcohol should be advised to limit their consumption to a minimum, and should consider choos‑
ing red wine.
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and elixirs, it eventually referred to volatile sub‑
stances, such as alcohol.

Current epidemiologic data on alcohol consump-
tion Global epidemiology In 2016, approximate‑
ly 32.5% (with a 95% uncertainty interval [UI], 
30–35.2) of the world’s population were report‑
ed as current drinkers. Specifically, 25% of wom‑
en (95% UI, 23–27) and 39% of men (95% UI, 
36–43) were identified as such. These percentag‑
es equal to a total of 2.4 billion people (95% UI, 
2.2–2.6) who were current drinkers, comprising 
1.5 billion current drinkers among men (95% UI, 
1.4–1.6) and 0.9 billion among women (95% UI, 
0.8–1). On a global scale, the average amount of 
alcohol consumed daily was 0.73 standard drinks 
(1 standard drink = 10 g of pure ethanol) (95% UI, 
0.68–0.78) for women and 1.7 standard drinks 
(95% UI, 1.5–1.9) for men.4

In an interesting study by Manthey et al,5 
data on alcohol consumption in 189 countries in 
the years 1990–2017 were summarized and fore‑
casted until 2030. Global alcohol consumption 
was found to increase between 1990 and 2017. 
Moreover, the researchers predicted a further in‑
crease in alcohol consumption by 2030 (FIGuRE 1).

The prevalence of abstinence around the world 
is also gradually declining. Additionally, the per‑
centage of people actively consuming alcohol 
and consuming alcohol episodically is growing. 
In the forecasts until 2030, these trends are ex‑
pected to rise (FIGuRE 2).5

The COVID ‑19 pandemic significantly affected 
health‑related behaviors, including the amount 
of alcohol consumed and body weight.6,7 Accord‑
ing to data from the National Institute on Alco‑
hol Abuse and Alcoholism, during the first year of 
the pandemic, alcohol sales jumped by nearly 3%, 
the largest increase in more than 50 years. Mul‑
tiple small studies suggest that during the pan‑
demic, about 25% of people drank more than 
usual, often to cope with stress. Sales of hard li‑
quor, or spirits, accounted for most of the in‑
crease.8 This resulted in a growing number of 
deaths related to alcohol consumption. In 2019, 
that is, before the COVID ‑19 pandemic, there 
were 78 927 such cases and during the COVID ‑19 
pandemic 99 017 and 108 791 in 2020 and 2121, 
respectively.8 A study by Raza et al,9 including 
45 292 people covered by the National Health 
and Nutrition Examination Survey (1999–2020), 
assessed the structure of alcohol consumption 
among obese patients. The authors showed that 
the overall weighted prevalence of combined 
heavy alcohol drinking and obesity increased from 
1.8% (95% CI, 1.2%–3.1%) in 1999–2000 to 3.1% 
(95% CI, 2.7%–3.7%) in 2017–2020, represent‑
ing an increase by 72%.9

According to estimates of the Organization for 
Economic Cooperation and Development made 
before the onset of the COVID ‑19 pandemic, con‑
suming more than 1–1.5 drinks per day is linked 
to approximately 1.1 billion new cases of alco‑
hol dependence, constituting 88% of all cases. 

Egypt implemented the first restrictions on 
alcohol consumption, particularly in temples, to 
prevent theft, intoxication, and other types of 
abuse. Around 2000 BC, the pharaoh’s army in 
Egypt introduced a ban on alcohol to avoid losing 
battles due to soldiers’ alcohol abuse.1

Development of the process of alcohol distilla‑
tion is attributed to an Arab alchemist Jābiribn 
Hayyān around 800 AD. In Poland, the first tav‑
erns emerged in the 11th century, with beer be‑
ing the primary beverage until the early Enlight‑
enment, when alcohol distillation became com‑
mon. Mass ‑scale alcohol abuse in Poland began in 
the 16th century, with establishment and spread 
of propination, that is, a monopoly granted to 
nobles over the production and sale of alcohol‑
ic beverages.1

Over the centuries, alcohol consumption sta‑
tistics in Poland have fluctuated. Historical data 
from the first half of the 19th century indicate 
that in the Kingdom of Poland, annual per cap‑
ita consumption of pure alcohol could reach up 
to 38 liters.3

The word “alcohol” originates from the Arabic 
“al ‑kuhl,” a black powder used for cosmetic and 
medical purposes. Initially applied to powders 

FIGuRE 1  Global alcohol consumption in 1990 and 2017, and estimated consumption 
in 2030. Based on information from Manthey et al5
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on the most frequently consumed types of alco‑
holic beverages, is 200 g of 5% beer; 100 g of 10% 
wine, or 25 g of 40% vodka.1 It is worth empha‑
sizing; however, that a definition of the standard 
unit of alcohol (pure ethanol content) differs in 
individual countries, for example, in the United 
States it is 14 g, in Germany 10–12 g, in Italy and 
Finland 12 g, in Spain and Poland 10 g, in Cana‑
da 13.6 g, in the United Kingdom (UK) 8 g, and 
in Japan 20 g.19

To sum up, epidemiologic data indicate that 
alcohol consumption in Poland significantly ex‑
ceeds the global average. The trends are not fa‑
vorable and indicate an increase in alcohol con‑
sumption, both worldwide and in Poland. In Po‑
land, beer and spirits are the most popular.

Guidelines of scientific societies on permissible dos-
es of alcohol Guidelines of various scientific so‑
cieties recommend reduction of alcohol intake or 
total abstinence.20-28 They also specify the rec‑
ommended permissible amount of alcohol con‑
sumed (TABLE 1).

Alcohol and mortality or health loss  A meta‑
‑analysis of 107 studies, including 4 838 825 par‑
ticipants and published by Zhao et al,29 assessed 
the impact of consuming different doses of alco‑
hol on mortality. It was shown that occasional 
consumption (>0 to <1.3 g of ethanol per day) or 
low ‑to ‑moderate consumption (1.3–24 g of eth‑
anol per day), as compared with lifetime non‑
drinkers, was not associated with increased risk of 

Additionally, this level of alcohol consumption is 
associated with 37 million cases of injuries (4%), 
5 million cases of cirrhosis (38%), and 10 million 
cases of alcohol‑related cancer (4%). These pro‑
jections span over the next 30 years and cover 52 
countries, predicting millions of cases of various 
other diseases as well.10

Epidemiology in Poland According to data from 
the World Health Organization (WHO) from 
2019, Poland was among the  countries with 
the highest alcohol consumption (10–13 l of 
pure alcohol per capita per year).11 In 2019, me‑
dian (interquartile range [IQR]) alcohol con‑
sumption in Poland was 10.96 (8.2–13.56) l per 
capita. When broken down by the type of alco‑
hol, the most popular in Poland were beer (5.72 
[3.59–7.97] l), vodka (4.36 [2.54–5.98] l), and 
wine (0.88 [0.53–1.23] l).1 WHO forecasts are not 
optimistic, as they indicate that median alcohol 
consumption in Poland in 2025 will amount to 
12.7 (11–14.4) l per capita.11

A significant problem contributing to the grow‑
ing alcohol consumption in Poland is low social 
awareness. It is interesting to note that a rela‑
tively small percentage of Poles clearly recognize 
beer (46%), flavored beer (35%), and cider (29%) 
as alcohol.11 Importantly, low awareness of the ef‑
fects of alcohol consumption on health refers to 
all age groups,1,12-17 and might be accompanied 
by improper diet and smoking.18

A standard unit of alcohol is 10 g (or 12.5 ml) 
of pure ethyl alcohol (ethanol). This dose, based 

TABLE 1 Recommendations of scientific societies regarding alcohol consumption. Based on literature data20-28

Scientific society Recommendation

International Society of Hypertension 
(2024)

As part of the prevention of hypertension, it is recommended to limit 
the amount of alcohol consumed, ideally to zero. However, 
the recommended daily upper limit for alcohol consumption is 2 standard 
drinks for men and 1 for women.

European Society of Hypertension 
(2023)

Adult men and women with elevated blood pressure or hypertension who 
currently consume alcohol (≥3 drinks/day) should be advised that reduction 
of alcohol intake close to abstinence will lower their blood pressure.

Polish Society of Diabetology (2023) Drinking alcohol by people with diabetes is not recommended.

European Society of Cardiology 
(Cardiovascular Prevention 2021)

It is recommended to restrict alcohol consumption to a maximum of 100 g 
per week.

Polish Lipid Association (2021) Patients with lipid disorders should limit their alcohol consumption to 
a minimum.

Polish Society of Hypertension (2019) Alcohol consumption should be limited:
 –  in men, up to 20–30 g of pure alcohol per day, but not more than 140 g 
per week (eg, 2 glasses of wine a day, 5 days a week);
 –  in women, up to 10–20 g of pure alcohol per day, but not more than 80 g 
per week (eg, 1 glass of wine a day, 5 days a week);
 –  getting drunk should be strictly avoided;
 –  designate alcohol ‑free days during the week.

American Heart Association and 
American College of Cardiology 
(2019)

Alcohol consumption should be limited: in men: ≤2 drinks/day,a

in women: ≤1 drink/day

Deutsche Hauptstelle für Suchtfragen 
(German Head Office for Dependence 
Matters, 2019)

Men: ≤24 g of alcohol per day, at least 2 nonalcoholic days per week
Women: ≤12 g of alcohol per day, at least 2 nonalcoholic days per week

a In the United States, 1 standard drink (or 1 alcoholic drink equivalent) contains roughly 14 g of pure alcohol (eg, 
145 ml of wine), which is more than in Europe.19
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An umbrella review of 140 meta ‑analyses of 
prospective studies32 analyzed the effect of alco‑
hol consumption (low, moderate, and high, de‑
fined as ethanol intake of >0 and ≤14.9 g/day 
[>0 and <1 drink /day], 15–29.9 g/day [1–2.5 
drinks/day], and ≥30 g/day [>2.5 drinks/day], 
respectively) on different health outcomes. It was 
found that low alcohol consumption, despite re‑
ducing the risk of death, was associated with a sig‑
nificant increase in the risk of esophageal can‑
cer (RR, 1.47; 95% CI, 1.06–2.04), breast can‑
cer (RR, 1.1; 95% CI, 1–1.2), basal cell carcinoma 
(RR, 1.23; 95% CI, 1.11–1.37), squamous cell car‑
cinoma of the skin (RR, 1.15; 95% CI, 1.04–1.27), 
and subarachnoid hemorrhage (RR, 1.58; 95% CI, 
1.03–2.44).32

A meta ‑analysis of 592 prospective and retro‑
spective studies4 provided another very impor‑
tant observation, namely that there is no safe lim‑
it of drinking alcohol. This statement is in con‑
flict with most recommendations, but the study 
showed that the risk of health loss increased sig‑
nificantly following consumption of 1 unit of al‑
cohol per day (FIGuRE 3).

Slightly different results were reported in 
a study by Ding et al,33 including 48 423 men and 
women with CVDs from the UK Biobank. After 
an observation period of 8.7 years, it was found 
that alcohol consumption was associated with 
all assessed outcomes in a J ‑shaped manner rel‑
ative to current nondrinkers, with a risk reduc‑
tion that peaked at 7 g/day (RR, 0.79; 95% CI, 
0.73–0.85) for all ‑cause mortality, 8 g/day (RR, 
0.73; 95% CI, 0.64–0.83) for cardiovascular mor‑
tality, and 6 g/day (RR, 0.5; 95% CI, 0.26–0.96) 
for cardiovascular events. The authors of the study 
indicated that the lowest risk of mortality and 
another cardiovascular event is likely to be asso‑
ciated with lower alcohol consumption up to ap‑
proximately 105 g per week (or an equivalent to 
13 UK units, with 1 unit equal to half a pint of 
beer / lager / cider, half a glass of wine, or 1 mea‑
sure of spirits).33

The benefits of reducing alcohol consump‑
tion were demonstrated, among others, by 
Vaitkevičiūtė et al,34 who concluded that the al‑
cohol control policies implemented between 2001 
and 2020 reduced all ‑cause mortality among men 
older than 20 years in the Baltic countries and 
in Poland. In this context, the results of a study 
by Yoo et al,35 which included 4 513 746 partici‑
pants, are also noteworthy. This study analyzed 
the impact of changes in the amount of alcohol 
consumed on the risk of cancer, and found out 
that people who start consuming low, moderate, 
or high amounts of alcohol gradually increase 
their risk of cancer (HR, 1.03; 95% CI, 1–1.06; 
HR, 1.1; 95% CI, 1.02–1.18, and HR, 1.34; 95% CI, 
1.23–1.45, respectively). In contrast, those who 
consumed low amounts of alcohol and stopped 
drinking it altogether had a lower risk of cancer 
(HR, 0.96; 95% CI, 0.92–0.99), similarly to those 
who consumed high amounts of alcohol and re‑
duced the consumption to moderate or low (HR, 

death (risk rate [RR], 0.96; 95% CI, 0.86–1.06 and 
RR, 0.93; 95% CI, 0.85–1.01, respectively). How‑
ever, higher alcohol consumption (>25 g ethanol 
per day) was associated with an increased risk of 
death from any cause (5%–35% increased risk). 
Among women, higher alcohol consumption was 
more clearly associated with a risk of death from 
any cause.29 The results of this meta ‑analysis in‑
dicated also that consuming low doses of alcohol 
did not reduce the risk of death, but confirmed 
that drinking up to 100 g of alcohol per week 
did not significantly increase the risk. A meta‑
‑analysis of 83 studies30 including 599 912 cur‑
rent drinkers, showed that the risk of death from 
any cause was the lowest in people who drank 
around or below 100 g of alcohol per week. Alco‑
hol consumption was roughly linearly associat‑
ed with a higher risk of stroke (hazard ratio [HR] 
per 100 g per week of usual higher consumption, 
1.14; 95% CI, 1.1–1.17), heart failure ([HF]; HR, 
1.09; 95% CI, 1.03–1.15), fatal hypertensive dis‑
ease (HR, 1.24; 95% CI, 1.15–1.33), and fatal aortic 
aneurysm (HR, 1.15; 95% CI, 1.03–1.28). Thus, de‑
spite the beneficial effect of drinking up to 100 g 
of alcohol per week on mortality, such consump‑
tion significantly increases the risk of selected 
cardiovascular diseases (CVDs).30 The results of 
this study indicate that the limits of alcohol con‑
sumption might be lower than those outlined in 
most current recommendations and guidelines. 
A very important information was provided by 
a study by Liu et al,31 covering 430 016 adults. It 
found that a gain of 1 year of life (+0.94 year) in 
the modest drinkers was erased by a 2‑ to 4 ‑fold 
increase in the risk of oral and esophageal can‑
cer (HR, 2.35 and 3.84, respectively). Moreover, 
drinking more than the modest amounts led to 
a large reduction in life expectancy, by 6.86 years.

FIGuRE 3  Alcohol consumption and a risk of health loss. Modified from Global Burden 
of Disease Study 20164 based on CC BY 4.0 license (no permission required)
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effect of alcohol consumption was eliminated. In‑
creased frequency of overall cardiovascular events 
was observed even for consumption below 14 
units per week.38

It should be remembered that the results of ob‑
servational studies do not allow for drawing def‑
inite conclusions. In a study by Biddinger et al,39 
covering 371 463 participants from the UK Bio‑
bank, Mendelian randomization (approximating 
the possibility of causal inference) was performed 
to determine the impact of alcohol consumption 
on CVDs. It was shown that any alcohol consump‑
tion was associated with increased cardiovascu‑
lar risk in the form of arterial hypertension (odds 
ratio [OR], 1.28; 95% CI, 1.18–1.39), CAD (OR, 
1.38; 95% CI, 1.1–1.74), acute coronary syndrome 
(ACS; OR, 1.37; 95% CI, 1.05–1.78), stroke (OR, 
1.26; 95% CI, 1.04–1.54), HF (OR, 1.39; 95% CI, 
1.08–1.78), or atrial fibrillation (AF; OR, 1.24; 
95% CI, 1.08–1.44). Similar observations were 
made by Lankester et al40 in a study involving 
337 484 participants from the UK Biobank. It was 
found that 1 additional drink of alcohol per day 
was positively associated with systolic blood pres‑
sure (β = 2.65 mm Hg; 95% CI, 1.4–3.89), hemor‑
rhagic stroke (OR, 2.25; 95% CI, 1.41–3.6), and 
AF (OR, 1.26; 95% CI, 1.07–1.48). A study using 
Mendelian randomization also allowed for a con‑
clusion that alcohol consumption may contribute 
to shortening of telomeres, which significantly af‑
fects life expectancy and age ‑related diseases.41

0.91; 95% CI, 0.86–0.97 and HR, 0.92; 95% CI, 
0.86–0.98, respectively).35 It is also worth em‑
phasizing that there is a reason why the recom‑
mendations indicate that the consumed doses of 
alcohol should not be accumulated. In a prospec‑
tive study by Tian et al,36 including 918 529 par‑
ticipants followed for 12.65 years, it was found 
that binge drinking for 1 or more days a week was 
associated with a higher risk of mortality from 
all causes (HR, 1.15; 95% CI, 1.09–1.22), cancer 
(HR, 1.22; 95% CI, 1.1–1.35), and accidents (unin‑
tentional injuries) (HR, 1.39; 95% CI, 1.11–1.74).

The results of this study are not unique. A meta‑
‑analysis of 87 studies,37 covering 3 998 626 indi‑
viduals, analyzed the impact of alcohol consump‑
tion and abstinence on the risk of death from any 
cause. It showed that low (1.3 to <25 g/day) and 
moderate (25 to <45 g/day) alcohol consumption 
reduced the risk of death from any cause when 
the reference group were teetotalers, but this ef‑
fect was abolished when the reference group in‑
cluded occasional drinkers (FIGuRE 4). A highly sim‑
ilar situation was described by Schutte et al,38 who 
followed 333 259 alcohol consumers and 21 710 
never‑drinkers from the UK Biobank for 6.9 years. 
When the reference group were never‑drinkers, 
alcohol consumption reduced the risk of coro‑
nary artery disease (CAD) and cerebrovascular 
disease. The situation changed when the refer‑
ence group included people from the 1st quartile 
of alcohol consumption, as then any beneficial 

FIGuRE 4  Change in the reference group (abstinents vs occasional drinkers) and the impact of alcohol consumption on the risk of death from any 
cause. Based on Stockwell et al37
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issue, as alcohol consumption is associated with 
road accidents, accidents at work, crimes against 
health, and crimes against family members.

Alcohol and mortality: maybe the key is the type of 
alcohol? When analyzing the impact of alco‑
hol consumption on mortality and health out‑
comes, it is worth differentiating the type of al‑
cohol. A study by Di Castelnuovo et al,44 cover‑
ing 142 960 individuals, showed that among var‑
ious types of alcohol, only wine consumption 
could reduce the risk of death from any cause 
(RR for spirits, 0.94; 95% CI, 0.88–1; RR for beer, 
0.96; 95% CI, 0.9–1.03, and RR for wine, 0.87; 
95% CI, 0.81–0.93). A meta ‑analysis of 22 stud‑
ies45 showed that wine consumption was associ‑
ated with a lower risk of CAD (RR, 0.76; 95% CI, 
0.69–0.84), CVD (RR, 0.83; 95% CI, 0.7–0.98), 
and cardiovascular mortality (RR, 0.73; 95% CI, 
0.59–0.9). Similar findings were published for 
the risk of the most common arrhythmia, AF, 
which is especially frequent in the elderly.46-48 
A meta ‑analysis of 13 prospective studies,49 in‑
cluding 10 151 366 participants, showed that 
an increase in alcohol consumption of 1 drink 
per day elevated the risk of AF by 6% (RR, 1.06; 
95% CI, 1.03–1.08). A study by Tu et al,50 of 
403 281 middle ‑aged individuals from the UK Bio‑
bank followed for 11.4 years, showed that virtu‑
ally any amount of beer / cider or spirit increased 
the risk of AF. In the case of red and white wine, 
the risk of AF significantly increased in people 
drinking over >14 drinks per week.

A prospective study by Jani et al,51 including 
309 123 participants from the UK Biobank fol‑
lowed for 9 years, analyzed the effect of alcohol 
type on mortality and a risk of major adverse car‑
diovascular events (MACEs). It was shown that in 
comparison with people drinking red wine, those 
choosing beer or cider, spirits, or mixing different 
alcohols had a significantly higher risk of death 
(HR, 1.18; 95% CI, 1.1–1.27, HR, 1.25; 95% CI, 
1.14–1.38, and HR, 1.08; 95% CI, 1.01–1.16, re‑
spectively). A similar effect was also found for 
MACE and liver cirrhosis (FIGuRE 6).51 It is predict‑
ed that the number of deaths resulting from liv‑
er cirrhosis or liver cancer attributable to alcohol 
consumption will continue to increase.52

It is impossible not to mention the results of 
the already cited study by Schutte et al,38 which 
included 333 259 alcohol consumers and 21 710 
never‑drinkers from the UK Biobank followed for 
6.9 years. This study found that wine consump‑
tion was associated with a lower risk of cardiovas‑
cular events, while removing the effect on CAD 
from the model resulted in the cardioprotective 
effect of alcohol being eliminated.

Drinking wine is an ingrained element of some 
diets. For example, in France people do not go out 
“to drink” but “to dine”, and that is why the im‑
pact of alcohol on health should be considered 
in the context of a diet. The previously cited 
study by Jani et al51 found that drinking with‑
out a meal was associated with a higher risk of 

Different ways in which alcohol consumption 
affects health of the studied populations depend 
on numerous factors. However, socioeconom‑
ic status (highly industrialized vs poorer coun‑
tries) is not one of them. In the context of po‑
tential confounding factors, the results of a meta‑
‑analysis conducted by Probst et al,42 including 
241 million women and 230 million men, should 
also be mentioned. It concluded that individuals 
along the entire continuum of socioeconomic 
statuses are evenly exposed to increased alcohol‑
‑attributable mortality risk.

A limitation of some observational studies is 
a lack of distinction in the group of abstinents, 
that is, lifetime abstinents vs former heavy drink‑
ers / current abstinents. The latter group may suf‑
fer long ‑term health consequences of previous 
alcohol abuse. A study by Park et al,43 including 
8330 participants followed for 10 years and clas‑
sified as nondrinkers (0 g alcohol/day), drinker 
group 1 (<15 g alcohol/day), and drinker group 2 
(≥15 g alcohol/day), analyzed the influence of al‑
cohol consumption and abstinence on a risk of 
ACS or CAD. It was shown that a reduced risk 
of ACS or CAD could only be observed only in 
the group of abstinents and nondrinkers (FIGuRE 5). 
A question arises why this was not demonstrated 
when the reference group was occasional drink‑
ers? Perhaps this is because the teetotalers and 
nondrinkers were initially less healthy. The above‑
mentioned factors limiting the results of obser‑
vational studies may mean that in some of them 
the relationship between alcohol consumption 
and cardiovascular risk, which takes the shape of 
a J curve, may be a statistical artifact.

In summary, although low ‑to ‑moderate alcohol 
consumption reduced the risk of death, especially 
of CVDs, in some studies, even low consumption 
was associated with a greater risk of many other 
diseases. There is no proven safe amount of alco‑
hol for the general population. It should also be 
emphasized that the threats related to alcohol con‑
sumption described above do not fully cover this 

FIGuRE 5  Influence of a reference group on the effect of alcohol consumption on 
the risk of acute coronary syndrome or coronary artery disease. Based on Park et al43
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0.77–0.97). A network meta ‑analysis conducted 
by Karam et al58 and including 40 eligible ran‑
domized trials with 35 548 participants, inves‑
tigated the impact of different types of diet on 
cardiovascular risk. It revealed that the Medi‑
terranean diet was characterized by the great‑
est reduction in the risk of death from any cause 
(as compared with the following diets: low ‑fat, 
very low ‑fat, modified ‑fat, combined low ‑fat low‑
‑sodium, Ornish, and Pritikin) (OR, 0.72; 95% CI, 
0.56–0.92), and the risk of death from cardiovas‑
cular causes (HR, 0.55; 95% CI, 0.39–0.78), stroke 
(HR, 0.65; 95% CI, 0.46–0.93), and nonfatal ACS 
(HR, 0.48; 95% CI, 0.36–0.65). The results of this 
study indicated that the Mediterranean diet and 
wine (the most frequent type of alcoholic bever‑
age consumed in traditional Mediterranean diet) 
should be treated jointly, as their health effects 
are a final manifestation of their various mech‑
anisms of action.

Adopting the Mediterranean diet has a pos‑
itive effect on cardiovascular risk also in pa‑
tients with CVD risk factors and existing CVDs. 
In a study by Fan et al,59 including 8301 pa‑
tients with metabolic syndrome from the Na‑
tional Health and Nutrition Examination Sur‑
vey (2007–2018) followed for 6.3 years, the in‑
dividuals who strictly adhered to the Mediterra‑
nean diet had a significantly lower risk of death 
from any cause (HR, 0.74; 95% CI, 0.64–0.86) 
and death from cardiovascular causes (HR, 0.65; 
95% CI, 0.49–0.87). In this study, an analysis of 
dietary components showed a borderline sig‑
nificant beneficial effect of alcohol. A meta‑
‑analysis of 7 prospective cohort studies60 in‑
cluding 37 879 patients with CVDs found out 
that those who followed the Mediterranean diet 
had a lower risk of death from any cause (HR, 
0.85; 95% CI, 0.78–0.93) and borderline signif‑
icantly reduced risk of death from cardiovascu‑
lar causes (HR, 0.91; 95% CI, 0.82–1.01).

A  multicenter, randomized study by 
Estruch et al,61 which included 7447 participants 

death from any cause (HR, 1.1; 95% CI, 1.02–1.17) 
than drinking with a meal (FIGuRE 6). A study by 
Barbería ‑Latasa et al,53 including 2226 partic‑
ipants, assessed the impact of Mediterranean 
alcohol ‑drinking patterns (ie, with meals, in mod‑
erate amounts) and showed that strict adherence 
to such a pattern was associated with a reduced 
risk of death from any cause (HR, 0.54; 95% CI, 
0.37–0.8). The key role of a diet in the context 
of alcohol consumption and mortality is also in‑
dicated by the results of a prospective study by 
Morales et al,54 which included 20 506 partici‑
pants followed  for 12.1 years. It was found that 
nonadherence to the Mediterranean diet and 
the Mediterranean alcohol ‑drinking patterns was 
associated with a higher risk of death from any 
cause (HR, 2.02; 95% CI, 1.33–3.07).

Thus, of different types of alcohol, wine may 
have some health benefits, but its effect is strict‑
ly linked to the amount consumed and the qual‑
ity of daily diet.

Mediterranean diet and wine The essential fea‑
tures of the Mediterranean diet are abundance 
of plant ‑based foods, olive oil, and fish and poul‑
try. This is frequently accompanied by regular but 
low ‑to ‑moderate alcohol intake (particularly red 
wine with meals). Moreover, in the Mediterranean 
diet, the “philosophy of food” is very important, 
and it involves positive psychological and social 
effects associated with having meals with fami‑
ly / friends, eating small portions, and consum‑
ing fresh products.55,56

The benefits of the Mediterranean diet were 
found in a meta ‑analysis of 30 prospective cohort 
studies (225 600 deaths).57 It showed that peo‑
ple following the Mediterranean diet had a sig‑
nificantly lower risk of death (RR, 0.79; 95% CI, 
0.77–0.81). An analysis of individual components 
of the Mediterranean diet revealed that mod‑
erate alcohol consumption (in accordance with 
the principles of this diet) markedly contributed 
to reducing the risk of death (RR, 0.86; 95% CI, 

FIGuRE 6  Consumption of different types of alcohol and a risk of death from any cause, major adverse cardiovascular 
events (MACEs), and liver cirrhosis. Based on Jani et al51
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at all. France is dominated by the Atlantic and 
continental climate, and the Mediterranean cli‑
mate is mainly limited to the Côte d’Azur. More‑
over, the French diet is different from that in 
the other Mediterranean countries (higher meat 
consumption, including beef, higher cheese and 
butter consumption, and smaller amount of ol‑
ive oil in the diet). Another difference is that in 
France more wine is consumed than in Spain and 
Italy (in Spain and Croatia beer consumption pre‑
dominates, while in Italy the most commonly 
drank alcohol is wine, but in smaller quantities).72 
The higher the consumption of saturated fat and 
cholesterol, the greater the risk of death from 
CAD.23 France does not follow this pattern, as 
people there consume a significant amount of 
saturated fats and cholesterol, and still the CAD 
mortality rate is significantly lower than, for ex‑
ample, in Spain, where the consumption of sat‑
urated fats and cholesterol in the diet is several 
times lower.71 In France, the number of deaths 
from cardiovascular causes is lower than in Spain 
(women, 221.9 vs 279.9/100 000; men, 202.3 vs 
246.1/100 000).73 This effect is probably due to 
many factors that are not limited to the amount 
of wine consumed and the daily diet. A good ex‑
ample is Norway. In Norway, cardiovascular mor‑
tality is at a similar level to that in Spain (wom‑
en, 223.2/100 000; men, 194.8/100 000),73 and 
much less alcohol is consumed there. Neverthe‑
less, the Health Index Score is much higher in 
Norway than in Spain (83 vs 79.7),74 which may 
explain these differences to some extent. This 
epidemiologic difference in France (French par‑
adox) could be explained by the large amount of 
wine consumed and the health ‑promoting effects 
(FIGuRE 7) of numerous polyphenols it contains.75-84 
The concept of the French paradox should be ap‑
proached with caution. The most common cause 
of death in the French people is cancer, which may 
be related to the fact that their life expectancy is 
one of the longest in Europe,85 and that the inci‑
dence of cancer increases with age.86 Neverthe‑
less, it is known that even small doses of alcohol 
are carcinogenic and increase the risk of various 
cancers.32 Moreover, the French diet is rich in 
cheese, including blue cheese. Blue cheeses con‑
tain carcinogenic aflatoxins.87 Thus, the French 
paradox should be analyzed in the context of 
a number of factors.

Red wine contains many chemical compounds, 
the most important of which are polyphenols. 
They are present primarily in the grape skin, 
seeds, and stalk, hence they are abundant in 
red wine and absent in most white wines that 
are made without skin maceration. Polyphe‑
nols include nonflavonoid compounds includ‑
ing hydroxybenzoic acids, hydroxycinnamic ac‑
ids, stilbenes (resveratrol), and flavonoids (fla‑
vones, flavan ‑3‑ols, flavonols, and anthocya‑
nins).78 These compounds could be responsible for 
the health ‑promoting properties of wine. A study 
by Bondonno et al,88 including 55 786 women 
from the Nurses’ Health Study and 29 800 men 

at a high cardiovascular risk, compared the Med‑
iterranean diet (allowing, eg, for wine consump‑
tion in habitual drinkers ≥7 glasses/week with 
meals) supplemented with extra ‑virgin olive oil 
or nuts with a low ‑fat diet. After 4.8 years of ob‑
servation, the individuals assigned to the Med‑
iterranean diet had by 30% (HR, 0.7; 95% CI, 
0.55–0.89) lower risk of major cardiovascular 
events (myocardial infarction, stroke, or death 
from cardiovascular causes). The Mediterranean 
diet is also beneficial in other groups of patients. 
A meta ‑analysis of 8 cohort studies,62 covering 
514 816 participants and 33 576 deaths, found 
that following the Mediterranean diet was as‑
sociated with a significant reduction in overall 
mortality (9%), mortality from CVDs (9%), inci‑
dence of or mortality from cancer (6%), and in‑
cidence of Parkinson disease and Alzheimer dis‑
ease (13%). It is also worth emphasizing the re‑
sults of a meta ‑analysis of 117 studies,63 cov‑
ering 3 202 496 participants, which concluded 
that adherence to the principles of the Mediter‑
ranean diet was associated with a lower risk of 
cancer mortality (RR, 0.87; 95% CI, 0.82–0.92), 
all ‑cause mortality among cancer survivors (RR, 
0.75; 95% CI, 0.66–0.86), breast cancer (RR, 0.94; 
95% CI, 0.9–0.97), colorectal cancer (RR, 0.83; 
95% CI, 0.76–0.9), head and neck cancer (RR, 
0.56; 95% CI, 0.44–0.72), respiratory system can‑
cer (RR, 0.84; 95% CI, 0.76–0.94), gastric can‑
cer (RR, 0.7; 95% CI, 0.61–0.8), bladder cancer 
(RR, 0.87; 95% CI, 0.76–0.98), and liver cancer 
(RR, 0.64; 95% CI, 0.54–0.75). The Mediterra‑
nean diet is also beneficial in patients with met‑
abolic dysfunction –associated fatty liver disease 
(MAFLD). A meta ‑analysis of 3037 MAFLD pa‑
tients64 revealed that the Mediterranean diet re‑
duced activity of alanine aminotransferase and 
aspartate aminotransferase, and lowered fatty 
liver index, hepatic steatosis, and liver stiffness. 
The Mediterranean diet is also beneficial for pa‑
tients with gastroesophageal reflux disease.65

Thus, following the Mediterranean diet pro‑
vides numerous health ‑promoting effects, which 
are very well documented. Therefore, the Euro‑
pean Society of Cardiology recommends adopt‑
ing the Mediterranean or similar diet to lower 
the risk of CVD (class of recommendation, I; lev‑
el of evidence, A).23

A treasure hidden in wine: polyphenols  Polyphe‑
nols are important phytochemicals with strong 
antioxidant activity, found in plant ‑based foods. 
They are present not only in wine but also in cof‑
fee, tea, fruit (oranges, cherries, apples, etc.), and 
vegetables (olives, spinach, potatoes, etc.). Coffee 
and tea also have health ‑promoting properties, 
including cardioprotective ones.61,66 Consuming 
polyphenols in various food products is an im‑
portant method of cardiovascular prevention.67-70

At  this point, it is worth mentioning 
the “French food paradox” described by Dr Serge 
Renaud in 1992.71 Interestingly, the climate of 
France, unlike of Spain, is not Mediterranean 
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FIGuRE 7  Wine and cardiovascular risk: mechanisms of action of the most important polyphenols and ethanol. Based on literature data75-84 
Abbreviations: ApoA1, apolipoprotein A1; ASCVD, atherosclerotic cardiovascular disease; CRP, C ‑reactive protein; CV, cardiovascular; ET ‑1, endothelin 1; FBG, fasting blood glucose; HDL, high ‑density 
lipoprotein; ICAM, intercellular adhesion molecule; IR, insulin resistance; NO, nitric oxide; oxLDL, oxidized low ‑density lipoprotein; ROS, reactive oxygen species; VCAM, vascular cell adhesion molecule
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beverages. However, humans soon realized 
the harmful consequences of alcohol consump‑
tion. Excessive alcohol consumption is still con‑
sidered a major cause of mortality in the world. 
Therefore, every effort should be made to re‑
duce the number of people consuming excessive 
amounts of alcohol, which is an independent risk 
factor for CVD and other diseases.95-102 Ideally, 
alcohol consumption should be zero at the pop‑
ulation level, although this would be difficult to 
achieve taking into account the long history of al‑
cohol presence in human diet. Moreover, most ob‑
servational studies indicate a reduction in the risk 
of CVD associated with a small ‑to ‑moderate al‑
cohol consumption, especially in the Mediterra‑
nean diet model. The cardiovascular benefits of 
drinking moderate amounts of red wine dem‑
onstrated in various studies are due to numer‑
ous polyphenols it contains, but these chemicals 
can also be found in other food products. There‑
fore, people should be comprehensively educat‑
ed on the types of alcohol consumed and maxi‑
mum permissible doses. In some patients, alco‑
hol consumption is completely prohibited due to 
comorbidities.
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from the Health Professionals Follow ‑up Study, 
found that the consumption of flavonoids con‑
tained in red wine was associated with a reduced 
risk of death by 4% (HR, 0.96; 95% CI, 0.93–0.99). 
Another study by Vázquez ‑Ruiz et al,89 includ‑
ing 16 147 Spanish participants free of CVD fol‑
lowed for 12.2 years, assessed the  impact of 
the amount of polyphenols consumed in the diet 
on the risk of CVD. It showed that suboptimal in‑
take of phenolic compounds was independently 
associated with a higher risk of CVD (HR, 1.85; 
95% CI, 1.09–3.16). In a meta ‑analysis of 37 stud‑
ies conducted by Weaver et al,90 consumption 
of wine polyphenols was associated with signif‑
icant improvement in systolic blood pressure 
(−2.6 mm Hg; 95% CI, −4.8 to −0.4). An impor‑
tant polyphenol of red wine, resveratrol, signif‑
icantly affects lipid profile and glucose metabo‑
lism. In their meta ‑analysis of 1171 participants, 
Zhou et al91 reported that resveratrol significant‑
ly decreased waist circumference (standard mean 
difference [SMD], –0.36; 95% CI, –0.59 to –0.14), 
and the levels of hemoglobin A1c (SMD, –0.48; 
95% CI, –0.69 to –0.27), total cholesterol (SMD, 
–0.15; 95% CI, –0.3 to –0.01), and low ‑density li‑
poprotein cholesterol (SMD, –0.42; 95% CI, –0.57 
to –0.27). Another study worth mentioning is 
one by María Mérida et al,92 covering 12 161 in‑
dividuals observed for 12.5 years. It demonstrat‑
ed that the consumption of various polyphenols 
(dihydroflavonols, flavonols, methoxyphenols, 
tyrosols, alkylmethoxyphenols, hydroxycinnam‑
ic acids, and hydroxyphenilacetic acids) was asso‑
ciated with a 20% lower all ‑cause mortality risk 
and a 40% lower cardiovascular mortality risk 
over time. The PREDIMED randomized clinical 
trial by Tresserra ‑Rimbau et al,93 which included 
7447 participants followed for 4.8 years, found 
that higher polyphenol intake was associated with 
a 37% reduction in the risk of all ‑cause mortality 
(HR, 0.63; 95% CI, 0.41–0.97). Moreover, among 
the polyphenol subclasses, stilbenes and lignans 
were significantly associated with reduced all‑
‑cause mortality (HR, 0.48; 95% CI, 0.25–0.91 
and HR, 0.6; 95% CI, 0.37–0.97, respectively). 
A meta ‑analysis of 46 randomized clinical tri‑
als94 including 2494 participants showed that 
the consumption of polyphenols was associated 
with significantly reduced systolic blood pressure 
(−3.69 mm Hg; 95% CI, −4.24 to −3.15 mm Hg), 
diastolic blood pressure (−1.44 mm Hg; 95% CI, 
−2.56 to −0.31 mm Hg), waist circumference 
(−3.04  cm; 95% CI, −7.06 to −0.98  cm), to‑
tal cholesterol (−9.03 mg/dl; 95% CI, −16.46 to 
−1.06 mg/dl) and triglycerides (−13.43 mg/dl; 
95% CI, −23.63 to −3.23 mg/dl).

To sum up, polyphenols contained in wine 
(but also in fruit, coffee, or tea) are character‑
ized by well ‑documented multidirectional health‑
‑promoting effects.

Conclusions History of wine consumption start‑
ed in the Neolithic period, although other fruits 
might have been exploited earlier for fermented 

https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.5114/amsad/150319
https://doi.org/10.5114/amsad/150319
https://doi.org/10.5114/amsad/150319
https://doi.org/10.1016/S0140-6736(18)32744-2
https://doi.org/10.1016/S0140-6736(18)32744-2
https://doi.org/10.1016/S0140-6736(18)32744-2
https://doi.org/10.3390/nu14193989
https://doi.org/10.3390/nu14193989
https://doi.org/10.3390/nu14193989
https://doi.org/10.20452/pamw.16493
https://doi.org/10.20452/pamw.16493
https://doi.org/10.20452/pamw.16493
https://doi.org/10.1016/j.lana.2023.100525
https://doi.org/10.1016/j.lana.2023.100525
https://doi.org/10.1016/j.lana.2023.100525
https://doi.org/10.1016/j.lana.2023.100525


REVIEW ARTICLE Alcohol, health loss, and mortality 11

36 Tian Y, Liu J, Zhao Y, et al. Alcohol consumption and all ‑cause and 
cause ‑specific mortality among US adults: prospective cohort study. BMC 
Med. 2023; 21: 208. 

37 Stockwell T, Zhao J, Panwar S, et al. Do “moderate” drinkers have 
reduced mortality risk? A systematic review and meta ‑analysis of alco‑
hol consumption and all ‑cause mortality. J Stud Alcohol Drugs. 2016; 77: 
185‑198. 

38 Schutte R, Smith L, Wannamethee G. Alcohol ‑ the myth of cardiovas‑
cular protection. Clin Nutr. 2022; 41: 348‑355. 

39 Biddinger KJ, Emdin CA, Haas ME, et al. Association of habitual alco‑
hol intake with risk of cardiovascular disease. JAMA Netw Open. 2022; 5: 
e223849. 

40 Lankester J, Zanetti D, Ingelsson E, et al. Alcohol use and cardiomet‑
abolic risk in the UK Biobank: a Mendelian randomization study. PLoS One. 
2021; 16: e0255801. 

41 Topiwala A, Taschler B, Ebmeier KP, et al. Alcohol consumption and 
telomere length: Mendelian randomization clarifies alcohol’s effects. Mol 
Psychiatry. 2022; 27: 4001‑4008. 

42 Probst C, Lange S, Kilian C, et al. The dose ‑response relationship be‑
tween socioeconomic deprivation and alcohol ‑attributable mortality risk ‑a 
systematic review and meta ‑analysis. BMC Med. 2021; 19: 268. 

43 Park JE, Ryu Y, Cho SI. The effect of reference group classification 
and change in alcohol consumption on the association between alcohol 
consumption and cardiovascular disease. Alcohol Clin Exp Res. 2017; 41: 
379‑387. 

44 Di Castelnuovo A, Costanzo S, Bonaccio M, et al. Alcohol intake and to‑
tal mortality in 142 960 individuals from the MORGAM project: a population‑
‑based study. Addiction. 2022; 117: 312‑325. 

45 Lucerón ‑Lucas ‑Torres M, Saz ‑Lara A, Díez ‑Fernández A, et al. Associ‑
ation between wine consumption with cardiovascular disease and cardio‑
vascular mortality: a systematic review and meta ‑analysis. Nutrients. 2023; 
15: 2785. 

46 Surma S, Lip GYH. Alcohol and atrial fibrillation. Rev Cardiovasc Med. 
2023; 24: 73. 

47 Mensah GA, Fuster V, Murray CJL, et al. Global burden of cardiovascu‑
lar diseases and risks, 1990‑2022. J Am Coll Cardiol. 2023; 82: 2351‑2473.

48 Mitręga K, Średniawa B, Sokal AYH, et al. The effectiveness of atri‑
al fibrillation identification using noninvasive long ‑term electrocardiograph‑
ic monitoring system (NOMED ‑AF TECH). Pol Arch Intern Med. 2023; 133: 
16450. 

49 Jiang H, Mei X, Jiang Y, et al. Alcohol consumption and atrial fibrilla‑
tion risk: an updated dose ‑response meta ‑analysis of over 10 million partic‑
ipants. Front Cardiovasc Med. 2022; 9: 979982. 

50 Tu SJ, Gallagher C, Elliott AD, et al. Risk thresholds for total and 
beverage ‑specific alcohol consumption and incident atrial fibrillation. JACC 
Clin Electrophysiol. 2021; 7: 1561‑1569. 

51 Jani BD, McQueenie R, Nicholl BI, et al. Association between patterns 
of alcohol consumption (beverage type, frequency and consumption with 
food) and risk of adverse health outcomes: a prospective cohort study. BMC 
Med. 2021; 19: 8. 

52 Liu Y, Sun Z, Wang Q, et al. Contribution of alcohol use to the glob‑
al burden of cirrhosis and liver cancer from 1990 to 2019 and projections 
to 2044. Hepatol Int. 2023; 17: 1028‑1044. 

53 Barbería ‑Latasa M, Bes ‑Rastrollo M, Pérez ‑Araluce R, et al. Mediterra‑
nean alcohol ‑drinking patterns and all ‑cause mortality in women more than 
55 years old and men more than 50 years old in the Seguimiento Universi‑
dad de Navarra (SUN) cohort. Nutrients. 2022; 14: 5310. 

54 Morales G, Martínez ‑González MA, Barbería ‑Latasa M, et al. Mediter‑
ranean diet, alcohol ‑drinking pattern and their combined effect on all ‑cause 
mortality: the Seguimiento Universidad de Navarra (SUN) cohort. Eur J Nutr. 
2021; 60: 1489‑1498. 

55 Boucher JL. Mediterranean eating pattern. Diabetes Spectr. 2017; 30: 
72‑6. 

56 Ferrari R, Rapezzi C. The Mediterranean diet: a cultural journey. Lancet. 
2011; 377: 1730‑1731. 

57 Eleftheriou D, Benetou V, Trichopoulou A, et al. Mediterranean diet and 
its components in relation to all ‑cause mortality: meta ‑analysis. Br J Nutr. 
2018; 120: 1081‑1097. 

58 Karam G, Agarwal A, Sadeghirad B, et al. Comparison of seven popu‑
lar structured dietary programmes and risk of mortality and major cardiovas‑
cular events in patients at increased cardiovascular risk: systematic review 
and network meta ‑analysis. BMJ. 2023; 380: e072003. 

59 Fan H, Wang Y, Ren Z, et al. Mediterranean diet lowers all ‑cause and 
cardiovascular mortality for patients with metabolic syndrome. Diabetol 
Metab Syndr. 2023; 15: 107. 

60 Tang C, Wang X, Qin LQ, et al. Mediterranean diet and mortality in peo‑
ple with cardiovascular disease: a meta ‑analysis of prospective cohort stud‑
ies. Nutrients. 2021; 13: 2623. 

61 Estruch R, Ros E, Salas ‑Salvadó J, et al. Primary prevention of cardio‑
vascular disease with a Mediterranean diet supplemented with extra ‑virgin 
olive oil or nuts. N Engl J Med. 2018; 378: e34. 

Co‑operation and Development. https://www.oecd.org/coronavirus/poli‑
cy‑responses/the‑effect‑of‑covid‑19‑on‑alcohol‑consumption‑and‑policy‑
responses‑to‑prevent‑harmful‑alcohol‑consumption‑53890024/. Accessed 
March 9, 2024.

12 Only 46 percent of Poles consider beer an alcohol [in Polish]. ISB Zd‑
rowie. https://www.isbzdrowie.pl/2019/07/tylko‑46‑proc‑polakow‑uwaza‑pi‑
wo‑za‑alkohol/. Accessed March 9, 2024.

13 Bujalski M. Public awareness of alcohol ‑attributable cancer in Poland. 
Alcohol Drug Addict. 2021; 34: 247‑256. 

14 Wysokińska M, Kołota A. Assessment of the prevalence of alcoholic 
beverage consumption and knowledge of the impact of alcohol on health in 
a group of Polish young adults aged 18‑35: a cross ‑sectional study. Int J En‑
viron Res Public Health. 2022; 19: 15425. 

15 Sobierajski T, Surma S, Romańczyk M, et al. What is or what is not 
a risk factor for arterial hypertension? Not Hamlet, but medical students an‑
swer that question. Int J Environ Res Public Health. 2022; 19: 8206. 

16 Sobierajski T, Surma S, Romańczyk M, et al. Knowledge of primary care 
patients living in the urban areas about risk factors of arterial hypertension. 
Int J Environ Res Public Health. 2023; 20: 1250. 

17 Cicha ‑Mikołajczyk A, Piwońska A, Borowiec A, et al. Disparities in 
knowledge of cardiovascular risk factors and prevention methods related 
to cardiovascular status and functional health literacy in Poland, 2020‑2021. 
Kardiol Pol. 2023; 81: 700‑707. 

18 Dardzińska JA, Małgorzewicz S, Szupryczyńska N, et al. Adherence to 
the 2021 dietary guidelines of the European Society of Cardiology on cardio‑
vascular disease prevention in residents of the Pomeranian Voivodeship with 
increased cardiovascular risk. Pol Arch Intern Med. 2023; 133: 16418. 

19 Comparison of international alcohol drinking guidelines. International 
Orgaisation of Vine and Wine. https://www.oiv.int/public/medias/7169/oiv‑
report‑alcohol‑drinking‑guidelines‑collective‑expertise.pdf. Accessed March 
9, 2024.

20 Charchar FJ, Prestes PR, Mills C, et al. Lifestyle management of hy‑
pertension: International Society of Hypertension position paper endorsed 
by the World Hypertension League and European Society of Hypertension. J 
Hypertens. 2024; 42: 23‑49.

21 Mancia G, Kreutz R, Brunström M, et al. 2023 ESH Guidelines for 
the management of arterial hypertension The Task Force for the manage‑
ment of arterial hypertension of the European Society of Hypertension: en‑
dorsed by the International Society of Hypertension (ISH) and the European 
Renal Association (ERA). J Hypertens. 2023; 41: 1874‑2071.

22 Araszkiewicz A, Bandurska ‑Stankiewicz E, Borys S, et al. 2023 Guide‑
lines on the management of patients with diabetes ‑ a position of Diabetes 
Poland. Current Topics in Diabetes. 2023; 3: 1‑133. 

23 Visseren FLJ, Mach F, Smulders YM, et al. 2021 ESC Guidelines on 
cardiovascular disease prevention in clinical practice. Eur Heart J. 2021; 
42: 3227‑3337.

24 Banach M, Burchardt P, Chlebus K, et al. PoLA/CFPiP/PCS/PSLD/PSD/
PSH guidelines on diagnosis and therapy of lipid disorders in Poland 2021. 
Arch Med Sci. 2021; 17: 1447‑1547. 

25 Tykarski A, Filipiak KJ, Januszewicz A, et al. 2019 Guidelines for 
the management of hypertension ‑ part 1‑7. Arterial Hypertens. 2019; 23: 
41‑87. 

26 Tykarski A, Filipiak KJ, Januszewicz A, et al. 2019 Guidelines for 
the management of hypertension ‑ part 8‑9. Arterial Hypertens. 2019; 23: 
203‑239. 

27 Arnett D, Blumenthal R, Albert M, et al. 2019 ACC/AHA guideline on 
the primary prevention of cardiovascular disease: a report of the American 
College of Cardiology / American Heart Association task force on clinical 
practice guidelines. Circulation. 2019; 140: 596‑646. 

28 Alkohol. Basisinformationen [in German]. Deutsche Hauptstelle für 
Suchtfragen. https://www.dhs.de/fileadmin/user_upload/pdf/Broschueren/
Basisinfo_Alkohol_BFREI.pdf. Accessed March 9, 2024.

29 Zhao J, Stockwell T, Naimi T, et al. Association between daily alco‑
hol intake and risk of all ‑cause mortality: a systematic review and meta‑
‑analyses. JAMA Netw Open. 2023; 6: e236185. 

30 Wood AM, Kaptoge S, Butterworth AS, et al. Risk thresholds for al‑
cohol consumption: combined analysis of individual ‑participant data for 
599 912 current drinkers in 83 prospective studies. Lancet. 2018; 391: 
1513‑1523.

31 Liu YT, Lee JH, Tsai MK, et al. The effects of modest drinking on life 
expectancy and mortality risks: a population ‑based cohort study. Sci Rep. 
2022; 12: 7476. 

32 Zhong L, Chen W, Wang T, et al. Alcohol and health outcomes: an um‑
brella review of meta ‑analyses base on prospective cohort studies. Front 
Public Health. 2022; 10: 859947. 

33 Ding C, O’Neill D, Bell S, et al. Association of alcohol consumption with 
morbidity and mortality in patients with cardiovascular disease: original data 
and meta ‑analysis of 48,423 men and women. BMC Med. 2021; 19: 167. 

34 Vaitkevičiūtė J, Gobiņa I, Janik ‑Koncewicz K, et al. Alcohol control poli‑
cies reduce all ‑cause mortality in Baltic countries and Poland between 2001 
and 2020. Sci Rep. 2023; 13: 6326. 

35 Yoo JE, Han K, Shin DW, et al. Association between changes in alco‑
hol consumption and cancer risk. JAMA Netw Open. 2022; 5: e2228544. 

https://doi.org/10.1186/s12916-023-02907-6
https://doi.org/10.1186/s12916-023-02907-6
https://doi.org/10.1186/s12916-023-02907-6
https://doi.org/10.15288/jsad.2016.77.185
https://doi.org/10.15288/jsad.2016.77.185
https://doi.org/10.15288/jsad.2016.77.185
https://doi.org/10.15288/jsad.2016.77.185
https://doi.org/10.1016/j.clnu.2021.12.009
https://doi.org/10.1016/j.clnu.2021.12.009
https://doi.org/10.1001/jamanetworkopen.2022.3849
https://doi.org/10.1001/jamanetworkopen.2022.3849
https://doi.org/10.1001/jamanetworkopen.2022.3849
https://doi.org/10.1371/journal.pone.0255801
https://doi.org/10.1371/journal.pone.0255801
https://doi.org/10.1371/journal.pone.0255801
https://doi.org/10.1038/s41380-022-01690-9
https://doi.org/10.1038/s41380-022-01690-9
https://doi.org/10.1038/s41380-022-01690-9
https://doi.org/10.1186/s12916-021-02132-z
https://doi.org/10.1186/s12916-021-02132-z
https://doi.org/10.1186/s12916-021-02132-z
https://doi.org/10.1111/acer.13299
https://doi.org/10.1111/acer.13299
https://doi.org/10.1111/acer.13299
https://doi.org/10.1111/acer.13299
https://doi.org/10.1111/add.15593
https://doi.org/10.1111/add.15593
https://doi.org/10.1111/add.15593
https://doi.org/10.3390/nu15122785
https://doi.org/10.3390/nu15122785
https://doi.org/10.3390/nu15122785
https://doi.org/10.3390/nu15122785
https://doi.org/10.31083/j.rcm2403073
https://doi.org/10.31083/j.rcm2403073
https://doi.org/10.20452/pamw.16450
https://doi.org/10.20452/pamw.16450
https://doi.org/10.20452/pamw.16450
https://doi.org/10.20452/pamw.16450
https://doi.org/10.3389/fcvm.2022.979982
https://doi.org/10.3389/fcvm.2022.979982
https://doi.org/10.3389/fcvm.2022.979982
https://doi.org/10.1016/j.jacep.2021.05.013
https://doi.org/10.1016/j.jacep.2021.05.013
https://doi.org/10.1016/j.jacep.2021.05.013
https://doi.org/10.1186/s12916-020-01878-2
https://doi.org/10.1186/s12916-020-01878-2
https://doi.org/10.1186/s12916-020-01878-2
https://doi.org/10.1186/s12916-020-01878-2
https://doi.org/10.1007/s12072-023-10503-2
https://doi.org/10.1007/s12072-023-10503-2
https://doi.org/10.1007/s12072-023-10503-2
https://doi.org/10.3390/nu14245310
https://doi.org/10.3390/nu14245310
https://doi.org/10.3390/nu14245310
https://doi.org/10.3390/nu14245310
https://doi.org/10.1007/s00394-020-02342-w
https://doi.org/10.1007/s00394-020-02342-w
https://doi.org/10.1007/s00394-020-02342-w
https://doi.org/10.1007/s00394-020-02342-w
https://doi.org/10.2337/ds16-0074
https://doi.org/10.2337/ds16-0074
https://doi.org/10.1016/S0140-6736(11)60316-4
https://doi.org/10.1016/S0140-6736(11)60316-4
https://doi.org/10.1017/S0007114518002593
https://doi.org/10.1017/S0007114518002593
https://doi.org/10.1017/S0007114518002593
https://doi.org/10.1136/bmj-2022-072003
https://doi.org/10.1136/bmj-2022-072003
https://doi.org/10.1136/bmj-2022-072003
https://doi.org/10.1136/bmj-2022-072003
https://doi.org/10.1186/s13098-023-01052-7
https://doi.org/10.1186/s13098-023-01052-7
https://doi.org/10.1186/s13098-023-01052-7
https://doi.org/10.3390/nu13082623
https://doi.org/10.3390/nu13082623
https://doi.org/10.3390/nu13082623
https://doi.org/10.1056/NEJMoa1800389
https://doi.org/10.1056/NEJMoa1800389
https://doi.org/10.1056/NEJMoa1800389
https://doi.org/10.5114/ain.2021.112307
https://doi.org/10.5114/ain.2021.112307
https://doi.org/10.3390/ijerph192315425
https://doi.org/10.3390/ijerph192315425
https://doi.org/10.3390/ijerph192315425
https://doi.org/10.3390/ijerph192315425
https://doi.org/10.3390/ijerph19138206
https://doi.org/10.3390/ijerph19138206
https://doi.org/10.3390/ijerph19138206
https://doi.org/10.3390/ijerph20021250
https://doi.org/10.3390/ijerph20021250
https://doi.org/10.3390/ijerph20021250
https://doi.org/10.33963/KP.a2023.0119
https://doi.org/10.33963/KP.a2023.0119
https://doi.org/10.33963/KP.a2023.0119
https://doi.org/10.33963/KP.a2023.0119
https://doi.org/10.20452/pamw.16418
https://doi.org/10.20452/pamw.16418
https://doi.org/10.20452/pamw.16418
https://doi.org/10.20452/pamw.16418
https://doi.org/10.5114/ctd/160061
https://doi.org/10.5114/ctd/160061
https://doi.org/10.5114/ctd/160061
https://doi.org/10.5114/aoms/141941
https://doi.org/10.5114/aoms/141941
https://doi.org/10.5114/aoms/141941
https://doi.org/10.5603/AH.a2019.0008
https://doi.org/10.5603/AH.a2019.0008
https://doi.org/10.5603/AH.a2019.0008
https://doi.org/10.5603/AH.a2019.0021
https://doi.org/10.5603/AH.a2019.0021
https://doi.org/10.5603/AH.a2019.0021
https://doi.org/10.1161/CIR.0000000000000725
https://doi.org/10.1161/CIR.0000000000000725
https://doi.org/10.1161/CIR.0000000000000725
https://doi.org/10.1161/CIR.0000000000000725
https://doi.org/10.1001/jamanetworkopen.2023.6185
https://doi.org/10.1001/jamanetworkopen.2023.6185
https://doi.org/10.1001/jamanetworkopen.2023.6185
https://doi.org/10.1038/s41598-022-11427-x
https://doi.org/10.1038/s41598-022-11427-x
https://doi.org/10.1038/s41598-022-11427-x
https://doi.org/10.3389/fpubh.2022.859947
https://doi.org/10.3389/fpubh.2022.859947
https://doi.org/10.3389/fpubh.2022.859947
https://doi.org/10.1186/s12916-021-02040-2
https://doi.org/10.1186/s12916-021-02040-2
https://doi.org/10.1186/s12916-021-02040-2
https://doi.org/10.1038/s41598-023-32926-5
https://doi.org/10.1038/s41598-023-32926-5
https://doi.org/10.1038/s41598-023-32926-5
https://doi.org/10.1001/jamanetworkopen.2022.28544
https://doi.org/10.1001/jamanetworkopen.2022.28544


POLISH ARCHIVES OF INTERNAL MEDICINE 2024; 134 (4)12

91 Zhou Q, Wang Y, Han X, et al. Efficacy of resveratrol supplementation 
on glucose and lipid metabolism: a meta ‑analysis and systematic review. 
Front Physiol. 2022; 13: 795980. 

92 María Mérida D, Vitelli ‑Storelli F, et al. Polyphenol intake and mortality: 
a nationwide cohort study in the adult population of Spain. Clin Nutr. 2023; 
42: 1076‑1085. 

93 Tresserra ‑Rimbau A, Rimm EB, Medina ‑Remón A, et al. Polyphenol 
intake and mortality risk: a re ‑analysis of the PREDIMED trial. BMC Med. 
2014; 12: 77. 

94 Kiyimba T, Yiga P, Bamuwamye M, et al. Efficacy of dietary polyphenols 
from whole foods and purified food polyphenol extracts in optimizing cardio‑
metabolic health: a meta ‑analysis of randomized controlled trials. Adv Nutr. 
2023; 14: 270‑282. 

95 Kozela M, Doryńska A, Bobak M, et al. Alcohol use disorder increas‑
es the risk of nonfatal and fatal cardiovascular disease: an 11 ‑year follow‑
‑up of a Polish population ‑based cohort. The HAPIEE study. Pol Arch Intern 
Med. 2020; 130: 960‑966. 

96 Dobrowolski P, Kabat M, Kępka C, et al. Atherosclerotic cardiovascu‑
lar disease burden in patients with familial hypercholesterolemia: interpreta‑
tion of data on involvement of different vascular beds. Pol Arch Intern Med. 
2022; 132: 16248. 

97 Puch ‑Walczak A, Bandosz P, Grodzicki T, et al. Prevalence of selfreport‑
ed heart failure in the adult Polish population: results of the NATPOL 2011 
study. Pol Arch Intern Med. 2022; 132: 16184. 

98 Setny M, Jankowski P, Kamiński K, et al. Secondary prevention of coro‑
nary heart disease in Poland: does sex matter? Results from the POLASPIRE 
survey. Pol Arch Intern Med. 2022; 132: 16179. 

99 Formiga F, Chivite D, Salamanca ‑Bautista P. Global approach to pa‑
tients with heart failure: everything matters. Pol Arch Intern Med. 2023; 
133: 16591. 

100 Stolarz ‑Skrzypek K, Czarnecka D. Resistant hypertension: challenges 
in everyday practice. Pol Arch Intern Med. 2023; 133: 16624. 

101 Banach M, Surma S, Toth PP. 2023: The year in cardiovascular dis‑
ease ‑ the year of new and prospective lipid lowering therapies. Can we 
render dyslipidemia a rare disease by 2024? Arch Med Sci. 2023; 19: 
1602‑1615. 

102 Algharably EA, Meinert F, Januszewicz A, et al. Understanding the im‑
pact of alcohol on blood pressure and hypertension: from moderate to ex‑
cessive drinking. Kardiol Pol. 2024; 82: 10‑18. 

62 Sofi F, Cesari F, Abbate R, et al. Adherence to Mediterranean diet and 
health status: meta ‑analysis. BMJ. 2008; 337: a1344. 

63 Morze J, Danielewicz A, Przybyłowicz K, et al. An updated systemat‑
ic review and meta ‑analysis on adherence to mediterranean diet and risk of 
cancer. Eur J Nutr. 2021; 60: 1561‑1586. 

64 Haigh L, Kirk C, El Gendy K, et al. The effectiveness and acceptabili‑
ty of Mediterranean diet and calorie restriction in non ‑alcoholic fatty liver 
disease (NAFLD): a systematic review and meta ‑analysis. Clin Nutr. 2022; 
41: 1913‑1931. 

65 Świdnicka ‑Siergiejko AK, Marek T, Waśko ‑Czopnik D, et al. Diagnostic 
and therapeutic management in gastroesophageal reflux disease: consen‑
sus of the Polish Society of Gastroenterology. Pol Arch Intern Med. 2022; 
132: 16196. 

66 Surma S, Kokot F. Influence of chronic coffee consumption on the risk 
of kidney and other organ diseases. Review of the literature and clinical 
studies. Renal Disease and Transplantation Forum. 2022; 15: 1‑18.

67 Surma S, Sahebkar A, Banach M. Coffee or tea: anti ‑inflammatory 
properties in the context of atherosclerotic cardiovascular disease preven‑
tion. Pharmacol Res. 2023; 187: 106596. 

68 Sosnowska B, Penson P, Banach M. The role of nutraceuticals in 
the prevention of cardiovascular disease. Cardiovasc Diagn Ther. 2017; 7: 
21‑31. 

69 Surma S, Sahebkar A, Banach M. Nutrition, nutraceuticals and bioac‑
tive compounds in the prevention and fight against inflammation. Nutrients. 
2023; 15: 2629. 

70 Ruscica M, Penson PE, Ferri N, et al. Impact of nutraceuticals on mark‑
ers of systemic inflammation: potential relevance to cardiovascular diseases 
‑ a position paper from the International Lipid Expert Panel (ILEP). Prog Car‑
diovasc Dis. 2021; 67: 40‑52.

71 Renaud S, de Lorgeril M. Wine, alcohol, platelets, and the French para‑
dox for coronary heart disease. Lancet. 1992; 339: 1523‑6. 

72 Alcohol consumption in Europe. Landgeist. https://landgeist.
com/2021/07/09/alcohol‑consumption‑in‑europe/. Accessed March 9, 2024.

73 ESC Atrlas of Cardiology. European Society of Cardiology. https://eat‑
las.escardio.org/Atlas/ESC‑Atlas‑of‑Cardiology. Accessed March 9, 2024.

74 Health and health systems ranking of European countries in 2023, by 
health index score. Statista. https://www.statista.com/statistics/1376355/
health‑index‑of‑countries‑in‑europe/. Accessed March 9, 2024.

75 Serio F, Imbriani G, Acito M, et al. Moderate red wine intake and car‑
diovascular health protection: a literature review. Food Funct. 2023; 14: 
6346‑6362. 

76 Markoski MM, Garavaglia J, Oliveira A, et al. Molecular properties of 
red wine compounds and cardiometabolic benefits. Nutr Metab Insights. 
2016; 9: 51‑57. 

77 Haseeb S, Alexander B, Baranchuk A. Wine and cardiovascular health: 
a comprehensive review. Circulation. 2017; 136: 1434‑1448. 

78 Castaldo L, Narváez A, Izzo L, et al. Red wine consumption and cardio‑
vascular health. Molecules. 2019; 24: 3626. 

79 Kisioglu B, Nergiz ‑Unal R. The powerful story against cardiovascular 
diseases: dietary factors. Food Rev Int. 2018; 34: 713‑745. 

80 Surma S, Banach M. Fibrinogen and atherosclerotic cardiovascular 
diseases ‑review of the literature and clinical studies. Int J Mol Sci. 2021; 
23: 193. 

81 Steiner JL, Lang CH. Alcohol, adipose tissue and lipid dysregulation. 
Biomolecules. 2017; 7: 16. 

82 Mathews MJ, Liebenberg L, Mathews EH. How do high glycemic load 
diets influence coronary heart disease? Nutr Metab (Lond). 2015; 12: 6. 

83 Iriti M, Varoni EM. Cardioprotective effects of moderate red wine con‑
sumption: polyphenols vs. ethanol. J Appl Biomed. 2014; 12: 193‑202. 

84 Fragopoulou E, Choleva M, Antonopoulou S, et al. Wine and its meta‑
bolic effects. A comprehensive review of clinical trials. Metabolism. 2018; 
83: 102‑119. 

85 Bello C. Life expectancy: Where in Europe do people live the short‑
est and the longest? Euronews.health. https://www.euronews.com/
health/2023/07/22/life‑expectancy‑where‑in‑europe‑do‑people‑live‑the‑
shortest‑and‑the‑longest. Accessed March 9, 2024.

86 Laconi E, Marongiu F, DeGregori J. Cancer as a disease of old age: 
changing mutational and microenvironmental landscapes. Br J Cancer. 
2020; 122: 943‑952. 

87 Alameri MM, Kong AS, Aljaafari MN, et al. Aflatoxin contamination: 
an overview on health issues, detection and management strategies. Toxins 
(Basel). 2023; 15: 246. 

88 Bondonno NP, Liu YL, Zheng Y, et al. Change in habitual intakes of 
flavonoid ‑rich foods and mortality in US males and females. BMC Med. 
2023; 21: 181. 

89 Vázquez ‑Ruiz Z, Toledo E, Vitelli ‑Storelli F, et al. Effect of dietary pheno‑
lic compounds on incidence of cardiovascular disease in the SUN project; 10 
years of follow ‑up. Antioxidants (Basel). 2022; 11: 783. 

90 Weaver SR, Rendeiro C, McGettrick HM, et al. Fine wine or sour 
grapes? A systematic review and meta ‑analysis of the impact of red wine 
polyphenols on vascular health. Eur J Nutr. 2021; 60: 1‑28. 

https://doi.org/10.3389/fphys.2022.795980
https://doi.org/10.3389/fphys.2022.795980
https://doi.org/10.3389/fphys.2022.795980
https://doi.org/10.1016/j.clnu.2023.05.020
https://doi.org/10.1016/j.clnu.2023.05.020
https://doi.org/10.1016/j.clnu.2023.05.020
https://doi.org/10.1186/1741-7015-12-77
https://doi.org/10.1186/1741-7015-12-77
https://doi.org/10.1186/1741-7015-12-77
https://doi.org/10.1016/j.advnut.2023.01.002
https://doi.org/10.1016/j.advnut.2023.01.002
https://doi.org/10.1016/j.advnut.2023.01.002
https://doi.org/10.1016/j.advnut.2023.01.002
https://doi.org/10.20452/pamw.15616
https://doi.org/10.20452/pamw.15616
https://doi.org/10.20452/pamw.15616
https://doi.org/10.20452/pamw.15616
https://doi.org/10.20452/pamw.16248
https://doi.org/10.20452/pamw.16248
https://doi.org/10.20452/pamw.16248
https://doi.org/10.20452/pamw.16248
https://doi.org/10.20452/pamw.16184
https://doi.org/10.20452/pamw.16184
https://doi.org/10.20452/pamw.16184
https://doi.org/10.20452/pamw.16179
https://doi.org/10.20452/pamw.16179
https://doi.org/10.20452/pamw.16179
https://doi.org/10.20452/pamw.16591
https://doi.org/10.20452/pamw.16591
https://doi.org/10.20452/pamw.16591
https://doi.org/10.20452/pamw.16624
https://doi.org/10.20452/pamw.16624
https://doi.org/10.5114/aoms/174743
https://doi.org/10.5114/aoms/174743
https://doi.org/10.5114/aoms/174743
https://doi.org/10.5114/aoms/174743
https://doi.org/10.33963/v.kp.98704
https://doi.org/10.33963/v.kp.98704
https://doi.org/10.33963/v.kp.98704
https://doi.org/10.1136/bmj.a1344
https://doi.org/10.1136/bmj.a1344
https://doi.org/10.1007/s00394-020-02346-6
https://doi.org/10.1007/s00394-020-02346-6
https://doi.org/10.1007/s00394-020-02346-6
https://doi.org/10.1016/j.clnu.2022.06.037
https://doi.org/10.1016/j.clnu.2022.06.037
https://doi.org/10.1016/j.clnu.2022.06.037
https://doi.org/10.1016/j.clnu.2022.06.037
https://doi.org/10.20452/pamw.16196
https://doi.org/10.20452/pamw.16196
https://doi.org/10.20452/pamw.16196
https://doi.org/10.20452/pamw.16196
https://doi.org/10.1016/j.phrs.2022.106596
https://doi.org/10.1016/j.phrs.2022.106596
https://doi.org/10.1016/j.phrs.2022.106596
https://doi.org/10.21037/cdt.2017.03.20
https://doi.org/10.21037/cdt.2017.03.20
https://doi.org/10.21037/cdt.2017.03.20
https://doi.org/10.3390/nu15112629
https://doi.org/10.3390/nu15112629
https://doi.org/10.3390/nu15112629
https://doi.org/10.1016/0140-6736(92)91277-F
https://doi.org/10.1016/0140-6736(92)91277-F
https://doi.org/10.1039/D3FO01004J
https://doi.org/10.1039/D3FO01004J
https://doi.org/10.1039/D3FO01004J
https://doi.org/10.4137/NMI.S32909
https://doi.org/10.4137/NMI.S32909
https://doi.org/10.4137/NMI.S32909
https://doi.org/10.1161/CIRCULATIONAHA.117.030387
https://doi.org/10.1161/CIRCULATIONAHA.117.030387
https://doi.org/10.3390/molecules24193626
https://doi.org/10.3390/molecules24193626
https://doi.org/10.1080/87559129.2017.1410172
https://doi.org/10.1080/87559129.2017.1410172
https://doi.org/10.3390/ijms23010193
https://doi.org/10.3390/ijms23010193
https://doi.org/10.3390/ijms23010193
https://doi.org/10.3390/biom7010016
https://doi.org/10.3390/biom7010016
https://doi.org/10.1186/s12986-015-0001-x
https://doi.org/10.1186/s12986-015-0001-x
https://doi.org/10.1016/j.jab.2014.09.003
https://doi.org/10.1016/j.jab.2014.09.003
https://doi.org/10.1016/j.metabol.2018.01.024
https://doi.org/10.1016/j.metabol.2018.01.024
https://doi.org/10.1016/j.metabol.2018.01.024
https://doi.org/10.1038/s41416-019-0721-1
https://doi.org/10.1038/s41416-019-0721-1
https://doi.org/10.1038/s41416-019-0721-1
https://doi.org/10.3390/toxins15040246
https://doi.org/10.3390/toxins15040246
https://doi.org/10.3390/toxins15040246
https://doi.org/10.1186/s12916-023-02873-z
https://doi.org/10.1186/s12916-023-02873-z
https://doi.org/10.1186/s12916-023-02873-z
https://doi.org/10.3390/antiox11040783
https://doi.org/10.3390/antiox11040783
https://doi.org/10.3390/antiox11040783
https://doi.org/10.1007/s00394-020-02247-8
https://doi.org/10.1007/s00394-020-02247-8
https://doi.org/10.1007/s00394-020-02247-8

