I Systematic Review/Meta-analysis

ANNALS OF MEDICINE & SURGERY

| OPEN _

Examining the French paradox: a systematic review

of red wine consumption and cardiovascular risk

Danyal Bakht, MBBS?, Syed Fageer Hussain Bokhari, MBBS?, Muhammad Khan Buhadur Ali, MBBS?,
Ali Akram Qureshi, MBBS?, Muhammad Roshaan, MBBS?, Muhammad Shahzaib, MBBS?,

Muhammad Tayyab, MBBS?, Yumna Rafig, MBBS?, Khansa Mahmood, MBBS?, Muhammad Ahmad Qureshi, MBBS,
MD?, Zarwa Rashid, MBBS, MD?, Rabia Yousaf, MBBSP, Muhammad Numan Awais, MBBS®*

Background: The French paradox, characterized by a lower prevalence of coronary heart disease (CHD) despite a diet rich in
saturated fats, challenges conventional beliefs linking saturated fat intake to CHD risk. Despite high saturated fat consumption, the
French exhibit lower CHD rates, sparking interest in the potential cardiovascular benefits of red wine (RW), a staple of the
Mediterranean diet rich in polyphenols like resveratrol.

Objectives: The objective of this systematic review is to examine the potential advantages of RW and its components in
enhancing cardiovascular health among patients with CHD.

Methods: Following Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines, a thorough
search of PubMed, Cochrane, ScienceDirect, and Google Scholar was conducted to identify relevant studies published
from inception to July 2024. Eligible studies investigating the association between RW consumption and cardiovascular risk
factors/outcomes within the French paradox context were included. Data extraction and eligibility criteria ensured metho-
dological rigor.

Results: Of the 812 studies initially screened, 36 met the inclusion criteria in accordance with the PRISMA guidelines. Among these,
28 reported positive effects of RW on cardiovascular parameters, including improvements in lipid profiles, reductions in inflammatory
markers, enhanced endothelial function, and modulation of gut microbiota. Two studies identified adverse effects, while six found no
significant associations. Collectively, these findings suggest that moderate RW consumption — attributable primarily to its polyphe-
nolic compounds such as resveratrol — may confer cardioprotective benefits, particularly in patients with CHD.

Conclusion: This review supports the French paradox by highlighting that moderate RW consumption may improve cardiovas-
cular health through lipid modulation, endothelial function, and anti-inflammatory effects — mainly due to its polyphenols rather than

alcohol. However, individual responses and lifestyle factors may influence outcomes, warranting further research.
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Introduction

The French paradox refers to apparent inconsistency in epide-
miological findings, which indicate that despite consuming a diet
rich in saturated fats, the French population has a lower
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HIGHLIGHTS

e Moderate RW intake may benefit cardiovascular health in
patients with CHD.

e RW polyphenols, especially resveratrol, improve lipids
and endothelial function.

o Individual lifestyle and genetic factors may modify RW’s
health impact.

e Anti-inflammatory properties of RW may reduce athero-
sclerosis risk.

prevalence of coronary heart disease (CHD) compared to coun-
tries where people consume fewer saturated fats. This seems to
contradict the widely held belief that saturated fat intake
increases the risk of CHD. If the association between saturated
fat and CHD is valid, then it would be expected that the French
would have a higher incidence of CHD than countries with
lower saturated fat consumption!'!. In a research conducted by
Serge Renaud et al, involving 34 000 men in middle age from
Eastern France and a 12-year follow-up period, it was noted that
consuming an average of 48 g of alcohol per day, mainly in the
form of wine, led to a 30% lower mortality rate from cardio-
vascular diseases (CVD) and a 20% reduction in mortality from
all causes?!.
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Research suggests that a Mediterranean diet leads to a lower
incidence of CVD. Red wine (RW) being a traditional compo-
nent of the Mediterranean diet has many beneficial effects that
are closely related to the phenolic content and profile of RW!,
RW is enriched with polyphenols, namely resveratrol and
piceatannol™. The polyphenols present in RW are phytochem-
icals and/or synthetic chemical compounds having beneficial
effects on human health™. Of particular interest is resveratrol,
which is a non-flavonoid polyphenolic compound also known as
3,4,5-trihydroxystilbene, and has gained recognition as an active
compound found in RW that can prevent CHD!®!. Polyphenols
present in RW are responsible for the prevention of platelet
aggregation, modification of lipid profile, and promotion of
vasodilation, thus making RW cardioprotective®.

A key uncertainty in the French paradox is whether the cardi-
oprotective effects of RW are attributable primarily to its ethanol
content, its polyphenolic constituents, or a synergistic interaction
between the two. For instance, ethanol has been shown to elevate
high-density lipoprotein cholesterol (HDL-C)', while polyphe-
nols such as resveratrol reduce oxidative stress and improve
endothelial function. Dealcoholized RW has shown cardiovascu-
lar effects separate from alcohol, pointing toward polyphenols as
the main mediators, while trials involving other alcoholic drinks
emphasize the possible role of alcohol®. This uncertainty is the
main knowledge gap that the current review aims to answer.

Although several studies have explored the potential benefits
of RW consumption, the evidence remains inconsistent and
limited. However, variations in study populations and meth-
odologies highlight the need for further investigation. This sys-
tematic review aims to assess the cardiovascular effects of RW
and its components, focusing on their role in improving heart
health. This review acknowledges TITAN guidelines 2025

Materials and methods

Search strategy

This systematic review adheres to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.
A thorough investigation of relevant literature from renowned
databases, such as PubMed, Cochrane, Science Direct and Google
Scholar, was conducted from their inception up to January 2025.
The search strategy involved the use of carefully selected key-
words and phrases aligned with the objectives of the study.
Terms such as “French Paradox, RW, wine, cardiovascular,
CHD, CHD, atherosclerosis” and related expressions were
employed. We utilized MeSH terms and Boolean operators such
as “AND” and “OR?” strategically to formulate a comprehensive
search algorithm, ensuring the inclusion of relevant studies while
increasing the scope of the search. The complete search strategy
has been given in the Supplemental Digital Content, available at:
http:/links.lww.com/MS9/B9.

Additionally, manual searches of the reference list of included
studies and relevant reviews were conducted to ensure a thor-
ough exploration of the literature

Eligibility criteria

In determining eligibility criteria for this systematic review, pre-
cision and relevance were prioritized to ensure the selection of
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studies pertinent to the investigation of RW consumption and
cardiovascular risk in the context of the French paradox. Peer-
reviewed research articles, observational studies, and clinical
trials were considered for inclusion. Included studies were
required to investigate the association between RW consump-
tion and cardiovascular risk factors or outcomes, such as inci-
dence of CVD, mortality rates, or biomarkers of cardiovascular
health. Studies published in the English language and those
involving human subjects were eligible for inclusion. Studies
not directly addressing the relationship between RW consump-
tion and cardiovascular risk within the context of the French
paradox were excluded. Additionally, non-English language
publications, unpublished works, and grey literature such as
conference abstracts were excluded from consideration. Case
reports and case series were also excluded as well as studies
involving nonhuman populations.

Data extraction

The data extraction process was conducted systematically to
capture relevant information from included studies. Two inde-
pendent reviewers screened titles and abstracts of retrieved
records to identify potentially eligible studies. Full-text articles
of relevant records were then assessed for eligibility based on
predefined criteria. A standardized data extraction template was
employed to extract key information from eligible studies,
including study characteristics, participant demographics, RW
consumption patterns, cardiovascular outcomes, and relevant
findings. Any discrepancies between reviewers were resolved
through discussion or consultation with a third reviewer.

Results

Study selection and characteristics

The study selection process adhered to PRISMA guidelines,
ensuring transparency and reproducibility. A comprehensive
search across databases yielded a total of 812 studies, from
which 168 duplicates were removed, resulting in 644 unique
studies. Following the screening of titles and abstracts,
a further refinement led to the exclusion of 549 studies that
did not meet predefined criteria. Subsequent evaluation of the
full text of 95 articles resulted in the exclusion of 59 studies that
did not align with the eligibility criteria. Ultimately, 36 studies
were deemed suitable for inclusion in the systematic review.
Details of the study selection process are presented in
a PRISMA flowchart (Figure 1), the key characteristics of the
included studies are summarized in Table 1, and the key findings
of the included studies are summarized in Table 1.

The reviewed studies span from 1999 to 2025 and included
randomized controlled trials, cohorts, and cross-sectional stu-
dies across multiple countries. Most studies investigated the
effect of RW, compared with other alcoholic and nonalcoholic
beverages, Sample size ranged from 11 to over 6389 partici-
pants. While the primary intervention was RW, some studies
included other factors such as polyphenol intake or dietary
interventions aiming to assess their impact on health-related
outcomes. A summary of the baseline characteristics of studies
included in this systematic review is given in Table 1.
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Identification of studies via databases and registers

(o
- Records identified from database
g inception to July 2024: Records removed before
S Databases (n = 812) screening:
§ PubMed n=523 —> Duplicate records removed
Cochrane n=95 (n=168)
§ Google Scholar n=194
)
F
Records screened Records excluded**
—>
(n = 664) (n = 549)
Reports sought for retrieval | Reports not retrieved
> (n = 95) "l (n=0)
£
- I
(7]
Reports assessed for eligibility Reports excluded:
(n =95) » (n=59)
—
e
'g Studies included in review
S (n =36)
c

Figure 1. PRISMA flowchart for literature retrieval.

Summary of study outcomes

This systematic review included 36 studies that assessed the
effect of RW consumption on cardiovascular health by reporting
various cardiovascular biomarkers such as HDL-C, low-density
lipoprotein cholesterol (LDL-C), trimethylamine N-oxide, etc.,
and other cardiovascular parameters such as endothelial func-
tioning, arterial compliance, etc. Among these studies, 28
reported positive effects on cardiovascular health such as
improved HDL cholesterol, reduced fibrinogen, platelet aggre-
gation, and blood pressure, improved endothelial function as
well as increased antioxidant capacity and anti-inflammatory
markers. 6 studies found no significant effect, often noting
unchanged inflammatory markers, endothelial function, or
lipid levels. 2 studies noted negative effects, such as increased
arterial stiffness and inflammatory markers (e.g., IL-6). These
results also highlight the complexity of RW effects on CHD
which may depend on dosage, frequency, and individual patient
factors. The details of the findings in the included studies are
given in Table 1.

Of the 12 studies evaluating lipid metabolism, 10 reported
increases in HDL-C and/or reductions in LDL-C or fibrinogen, 1
found no significant effect, and 1 noted adverse increases in
triglycerides. Among eight studies assessing blood pressure, six
demonstrated reductions in systolic and/or diastolic pressure,
one found no effect, and one reported increased arterial stiffness.
In six studies measuring endothelial function, five showed sig-
nificant improvements in flow-mediated dilation or related
indices, while one found no change. Regarding inflammatory
markers [C-reactive protein (CRP), Interleukin-6 (IL-6), and
tumor necrosis factor-alpha (TNF-a)], seven studies reported
reductions, five reported no significant changes, and two
reported increases. For platelet function and coagulation, five
studies demonstrated decreased platelet aggregation or fibrino-
gen, whereas one study showed no effect. Finally, studies asses-
sing gut microbiota and metabolomic outcomes (7 = 4) generally
reported shifts in microbial composition or metabolite profiles,
although these changes were not consistently linked to clinical
outcomes.
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While most included studies focused on surrogate biomar-
kers, a few reported direct CHD-related outcomes. For example,
Jespersen et al**! found that light wine consumers had 29%
reduced odds of cardiovascular risk. Similarly, Marfella et alt""
observed that moderate RW consumption after myocardial
infarction was associated with improved cardiac prognosis and
reduced inflammatory markers. Conversely, Fantin et al**
reported that RW intake increased arterial stiffness the follow-
ing morning which suggests potential harm in such cases These
findings indicate that while RW may modestly reduce CHD risk
when consumed in moderation, effects are inconsistent and
influenced by factors such as dose and other coexisting factors

Quality assessment of included studies

The quality of the included randomized controlled trials (RCTs),
cohorts, and cross-sectional studies was assessed using the
Joanna Briggs Institute critical appraisal checklist. Out of 33
included RCTs, 22 studies were of high quality and 11 studies
were of medium quality. The two included cohorts were both of
high quality. Similarly, the two included cross-sectional studies
were of high quality, the complete quality appraisal detail is
given in the Supplemental Digital Content, available at: http://
links.lww.com/MS9/B9.

Discussion

This systematic review indicates that moderate RW consump-
tion is generally associated with positive cardiovascular out-
comes. Of the 36 included studies, 28 reported improvements
in lipid metabolism, inflammatory status, and vascular endothe-
lial health, which can collectively reduce CHD risk. However,
discrepancies were found among the outcomes of the included
studies as 6 studies showed no significant effect of RW on
cardiometabolic markers, and 2 (of the 36 included studies)
even suggesting that it had a negative impact hence underscoring
the need for further investigation into long-term clinical impacts.

The popular belief that consumption of a diet rich in saturated
fats is linked to a higher prevalence of CVD seems to be contra-
dicted by various research findings on the French population,
which indicate the opposite to be true, the French paradox.
Despite the consumption of a diet rich in saturated fats, the
French have a surprisingly lower rate of CHD as compared to
those who consume a diet low in saturated fats. This paradox
relates to the consumption of the Mediterranean diet. The
Mediterranean diet is known to include RW, whose polypheno-
lic components are proposed to exert positive effects on cardio-
vascular health.

Various studies corroborate the positive effects of RW, or its
components, on cardiovascular health. For example, according
to some RCTs, RW consumption leads to better lipid profiles,
specifically higher HDL-C as well as lower fibrinogen, a protein
that plays a role in blood clotting!">'¥l, Lower fibrinogen levels
indicate a lower risk of blood clots, and higher HDL-C relates to
a lower risk of atherosclerotic changes and, consequently, lower
risk of heart disease. The way they do so needs to be researched;
however, it is speculated to be a consequence of the way the
chemicals in RW interact with lipid metabolism. RW has been
found beneficial in terms of its impact on endothelial function!*!1,
A healthy endothelium is necessary for the maintenance of blood
flow, regulation of blood pressure, and prevention of

Annals of Medicine & Surgery

atherosclerosis. Endothelial dysfunction is one of the earliest events
in the sequelae of CVD, including heart attack, stroke, and other
related disorders. One mechanism by which RW is speculated to
improve endothelial function is through upregulation of nitric
oxide production, which in turn is instrumental in vasodilation,
thus regulating blood flow.

Many of the beneficial effects of RW can be attributed to its
antioxidant properties. Antioxidants such as polyphenols reduce
oxidative stress and inflammation, thus contributing to the bet-
terment of cardiovascular outcomes. They neutralize free radi-
cals, which are unstable substances that contribute to cell
damage and, in turn, chronic diseases. The study by Salazar
et al further emphasizes the anti-atherosclerotic effects of RW
by highlighting a significant association between a higher intake
of flavonoids, stilbenes, and tyrosols — polyphenolic constituents
of RW — and a lower risk of atherosclerosis™. The proposed
mechanism by which polyphenols exert their anti-atherosclero-
tic effects includes inhibition of oxidation of LDL-C, reduction
of platelet aggregation, and improvement in insulin sensitivity.
In addition, Di Renzo et al found that RW consumption
decreases oxLDL-C levels and upregulates the expression of
antioxidant genes, thus enhancing the body’s ability to fight
oxidative stress at the cellular level®*!,

However, the effects of RW are not uniform across all studies.
For instance, some studies report an increased triglyceride level
after RW consumption>*?!, Increased triglycerides are asso-
ciated with a greater risk of heart attack and stroke. This takes
into account the consideration of potential adverse effects of
excessive alcohol consumption. Other research suggests that
the benefits of RW are dependent on several other factors,
including dietary habits, physical activity levels, and genetic
predisposition. For instance, Ogunmoroti et al brought into
account the fact that where moderate consumption of RW was
associated with better cardiovascular outcomes, excessive con-
sumption of other alcoholic beverages, including liquor and
beer, deteriorated the cardiovascular outcomes, thus underscor-
ing the importance of considering other lifestyle habits when
studying health effects of RW!22.. This suggests that the benefi-
cial effects of RW are offset by the negative impacts of other
alcoholic beverages containing higher quantities of alcohol as
compared to polyphenols.

It is essential to interpret these findings in the context of
modifiable risk factors. RW’s effects on lipid metabolism and
endothelial function are particularly relevant in patients with
metabolic diseases, because such conditions cumulative progres-
sively smaller improvements in cardiometabolic biomarkers can
lead to significant reduction in cardiovascular risk. However, in
patients with liver disease or alcohol dependence, the potential
harms clearly outweigh any benefits. Therefore, the incorpora-
tion of RW into clinical recommendations should be individua-
lized and considered only in conjunction with established
evidence-based interventions.

The role of alcohol in the previously observed effects is a hot
topic for debate among researchers. According to some studies,
both alcohol and nonalcohol components are responsible for
observed effects!””"**!, indicating a synergistic response where
the alcohol component in moderate amounts raises HDL-C
while polyphenols exert antioxidant effects, thus synergistically
improving cardiovascular health. On the other hand, other stu-
dies suggest that dealcoholized RW can provide some benefits, in
terms of improving endothelial function independent of the
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alcohol component?®?!. This further implies that alcohol is not
the primary contributor to the observed beneficial effects. As
suggested by Wotherspoon et al, different alcoholic beverages
exert their effects on different biomarkers and metabolic
processes' 2!, For instance, vodka, which contains minimal poly-
phenol content, increased adiponectin, a hormone that enhances
insulin sensitivity and provides protection against inflammation,
and apolipoprotein A-1, a constituent of HDL-C. On the other
hand, RW does not have the same effect on these markers.
Nevertheless, both vodka and RW increased the leptin levels,
a hormone involved in the regulation of appetite and energy
balance.

Many studies have examined several other biomarkers
beyond the lipid profiles. These physiological parameters and
biomarkers include CRP, IL-6, and TNF-o. These biomarkers
are key indicators of inflammation in the body. These studies
reported mixed results, where some indicated a reduction in the
aforementioned markers, suggesting a strong anti-inflammatory
responsel’®! while others did not report any significant
changes. These discrepancies can be attributed to differences in
study design, population characteristics, the amount and type of
RW consumed, and the specific methods used to measure
inflammatory markers.

The impact of RW on gut microbiota and metabolomics is
emerging as an area of growing interest. Microbiota refers to the
complex community of microorganisms inhabiting the digestive
tract that plays a crucial role in human health, influencing
metabolism, immune function, and inflammation. Haas et al
found that RW exerts its effects through gut microbiota remo-
deling, thus altering the types and proportions of bacteria pre-
sent in the gut, and altered metabolites, suggesting changes in the
body’s metabolic processes'®. However, the mechanisms
whereby RW interacts with gut microbiota and metabolic pro-
cesses are not exactly known, and further research is required.

The findings of this review suggest that RW should not be
considered a primary intervention for cardiometabolic risk man-
agement, but rather as a potential adjunct. For patients who
already consume alcohol, clinicians may advise that, if wine is
selected, it should be limited to moderate quantities within the
context of a Mediterranean dietary pattern. However, RW
should not be initiated in abstainers for the purpose of cardio-
vascular prevention, given the associated risks of alcohol depen-
dence and hepatotoxicity. Notably, any potential benefits of RW
may be most pertinent in individuals with multiple modifiable
risk factors, such as dyslipidemia, endothelial dysfunction, or
metabolic syndrome.

This review includes only English language, peer-reviewed
literature, excluding conference abstracts and unpublished
data, thus risking language and publication bias. Moreover,
the lack of stratified analysis to determine whether the effects
differed by the amount of wine consumed, duration of consump-
tion, and frequency further adds to the limitations of this review.
The confounding by diet, exercise, socioeconomic status, and
genetic predisposition has not been addressed. Most of the
included studies primarily assessed surrogate biomarkers (e.g.,
HDL-C, CRP, endothelial function) rather than clinical out-
comes such as myocardial infarction, stroke, or mortality. This
reliance on surrogate endpoints limits the ability to calculate
absolute or relative risk reductions and should be considered
when interpreting the clinical significance of our findings.
A meta-analysis could be attempted in the future, but would be

limited by the heterogeneity of interventions, comparators,
dosages, and outcome measures across studies.

Conclusion

This systematic review explores the French Paradox and sup-
ports the idea that moderate RW consumption may offer bene-
ficial effects on the cardiovascular system such as improved lipid
profiles, enhanced endothelial function, and reduced oxidative
stress and inflammation. While many studies show beneficial
effects, others report mixed or null outcomes—highlighting
that RW’s impact is not universal and may vary depending on
factors such as dosage, duration, genetic predisposition, and
baseline health status. Overall, RW’s cardioprotective potential
appears to result more from its polyphenol content than the
alcohol itself, but further research is needed to clarify its role
and optimal use. Clinicians should therefore frame RW not as
a treatment, but as a lifestyle factor that may contribute mod-
estly to improved lipid and endothelial profiles when consumed
in moderation within a healthy diet
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