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a b s t r a c t

The low rates of cardiovascular mortality which have existed in France for decades despite high saturated
fat consumption constitute an epidemiological phenomenon called the ‘‘French paradox’’. This phenom-
enon was originally attributed to consumption of red wine and its major constituent resveratrol. How-
ever, recent studies have revealed the limitations of this link outside France. These observations
indicate that consumption of red wine alone cannot explain the paradox and perhaps some other constit-
uents of the typical French diet could be responsible for reduced cardiovascular mortality. We hypothe-
size that cheese consumption, especially of molded varieties, may contribute to the occurrence of the
‘‘French paradox’’. This assumption is well supported by newly discovered facts revealing the positive
effect of cheese ingestion on lipoprotein turnover and plasma lipid profile, haemorheological parameters
and inflammatory status. Recent advances in cheese proteomics have allowed the identification and iso-
lation of novel peptides capable of inhibiting the angiotensin-converting enzyme which controls systemic
blood pressure. A complex time-dependent enzymatic transformation of the cheese core controlled by
probiota, temperature and humidity during the ripening process has been shown to result in the forma-
tion of substances reducing major pro-inflammatory markers and cytokines (C-reactive protein, interleu-
kin 6, tumor necrosis factor alpha). Molded cheeses, including Roquefort, may be even more favorable to
cardiovascular health due to the presence of secondary metabolites produced by Penicillium roqueforti
and other fungi. Among them are andrastins A–D and roquefortine, whose ability to inhibit cholesterol
biosynthesis and bacterial growth may be a key mechanism in the prevention of cardiovascular disease.

! 2012 Elsevier Ltd. All rights reserved.

Background

How can anyone govern a nation that has two hundred and forty-
six different kinds of cheese?

Charles De Gaulle

Despite high consumption of saturated fat France still enjoys
one of the lowest rates of cardiovascular mortality in the world,
only falling behind Korea and Japan. According to the World Health
Organization 2009 Mortality Database, the mortality from heart
disease and stroke in France was 50 cases per 100,000 of popula-
tion, whereas the rate in the USA approached 129/100,000. The
geographic gradient in the occurrence of cardiovascular disease,
translating into a 4-fold difference in the frequency of coronary
vascular disease between Toulouse and Belfast, was first revealed
by Dr. Samuel Black in 1819 [1] who noticed a striking statistical
difference in the incidence of Angina Pectoris between Ireland and
France. Indeed, despite its high consumption of saturated fat,
France has a historically low rate of cardiovascular disease [2].

The introduction of the term ‘‘French paradox’’ by Serge Renaud
in 1993 revitalized epidemiological studies which tried to explain
the illogically low rates of cardiovascular mortality in France on
the basis of red wine consumption by the French population [3].
However, besides red wine and its major constituent resveratrol,
which seem to confer cardioprotective effects on wine drinkers
[4], multiple other factors seem to be implemented in the French
paradox. These include smaller portion size, lower number of eat-
ing occasions, regular gardening and exercise and higher intake of
fruit and vegetables rich in flavonoids, phytosterols and dietary fi-
ber [5–8]. Although a single causative factor explaining the occur-
rence of ‘‘French paradox’’ is unlikely ever to be found, the
identification of contributory factors to reduced cardiovascular
mortality in France would seem to be extremely important. In
the present paper we hypothesize and argue that cheese consump-
tion, especially of molded varieties, may contribute to the occur-
rence of the ‘‘French paradox’’.

French dietary pattern and Mediterranean diet

In general, French dietary pattern is characterized by meal prep-
aration from basic/natural ingredients, structured mealtimes and
less between-meal snacking [9]. Although there is significant
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diversity predetermined by regional, educational and socio-demo-
graphic factors [10], a typical French meal includes a significant
amount of saturated fat originating from butter, cheese, whole
milk and other dairy products, cured meats and pastries supple-
mented with some fruit and vegetables and moderate amounts
of wine [11,12]. Dietary studies in France show that saturated fat
may contribute up to 40% of total calorie intake [13]. On the other
hand, the intake of fruit and vegetables is rather low especially in
the Northern regions of France, comprising <300 g/day [14].
Although France belongs to the Mediterranean region, the true
Mediterranean diet is found in very small geographical enclaves
of Southern France. The Mediterranean diet is characterized by
an abundance of fruit and vegetables, whole-grain foods, legumes,
fish, olive oil and other unsaturated fats and moderate amounts of
wine [12,15]. Notably, cheese is an integral part of both the typical
French dietary regimen and the Mediterranean diet [16]. Cheese
consumption in France (26.1 kg/capita) is one of the highest in
the world, only falling behind Greece [17]. In general, besides un-
ique taste, texture and versatility, cheese and its products have
low glycemic index, high protein content and an abundance of
vitamins (A, D, B6, B9) and minerals [18]. However, there was a
persistent stigma attached to cheese due to its high saturated fat
and cholesterol content [19]. Newly discovered facts about the
nutritional pharmacology of ripened cheese products put a new
light on the prospective use of cheese in the dietary management
of human health and may help to establish a connection between
reduced cardiovascular mortality and cheese consumption.

From milk to fermentated dairy and ripened cheese

At present the consumption of whole fat dairy products is se-
verely disapproved of by the medical community since there is a
strong correlation between consumption of unmodified dairy
products and coronary heart disease which has been traced for
decades [20]. In contrast, the ingestion of reduced fat dairy prod-
ucts has recently been proven to be beneficial in counteracting
obesity as well as other manifestations of metabolic syndrome
[21]. It has been claimed recently that the link between dairy con-
sumption and cardiovascular disease needs to be re-evaluated [22].
Alpine cow milk and related dairy products rich in omega-3 fatty
acids seem to promote a healthy lipid profile [23,24]. Fermented
dairy products have obvious health benefits. The consumption of
fermented milk products has been shown to be associated with a
reduced risk of stroke [25], cardiovascular disease [26] and report-
edly has a mild anti-hypertensive action [27].

For nearly a century, cheese was considered as a valuable die-
tary source of calcium for the human body [28]. However, beyond
that, there is newly emerging information about the effects of
cheese consumption on cardiovascular outcomes which can be dif-
ficult to explain. The first controversy relates to the well confirmed
fact that despite extremely high lipid content [29], in particular of
cholesterol, cheese intake is neutral or beneficial in terms of effect
on plasma cholesterol, LDL and triglyceride levels [22,30,31].
Excessive cheese consumption has recently been reported [31] to
reduce LDL cholesterol when compared with butter intake of equal
fat content. Another enigmatic detail comes from research linking
cheese consumption and inflammatory status. It has been shown
that cheese, in particular commercial pecorino varieties which
are rich in cis-9 and trans-11 conjugated linoleic acid, reduces plas-
ma levels of tumor necrosis factor and interleukins 6 and 8 along
with improvement of haemorheological parameters [32].

Although cheese proteomics still remains in its infancy, current
research reveals that there are numerous biochemical events and
transformations of milk-derived proteins and lipids which take
place in the cheese core during ripening [33,34]. It is now

recognized that proteolysis in the cheese core, initiated by probi-
otic bacteria and fungi [35,36], leads to accumulation of newly-
formed peptides and macromolecules which could have a potential
impact on the cardiovascular system [37]. As an example, some
cheese-derived peptides have been shown to have an inhibitory
activity on the angiotensin-converting enzyme, an enzyme con-
trolling systemic blood pressure [38]. Cheese is a potential source
of some other peptides which regulate thrombocyte functions,
coagulation cascade and microcirculation [39]. Moreover, cheese
consumption in a multi-dairy regime has recently been shown
[40] to reduce the inflammatory markers of cardiovascular disease
(C-reactive protein, interleukin 6, tumor necrosis factor).

It also appears now that the advantageous properties of cheese
appear dynamically during the ripening process. Cheese which has
been ripened for longer has been shown to be more effective in res-
toration of glucose tolerance, prevention of steatosis and adipose
tissue oxidative stress than short-ripened specimens [41]. This
data suggests that organic substances responsible for the health
benefits of cheese emerge not merely due to mixing the ingredi-
ents required for cheese production, but rather as a result of a com-
plex time-dependent enzymatic transformation of the cheese core
controlled by probiota, temperature, humidity and possibly other
factors.

Molded cheese, fungi and cardiovascular health

Roquefort, Camembert and Gorgonzola are only a few among
many other varieties of popular molded cheese. In general, their
production starts with the addition of rennet and a starter culture
of Penicillium roqueforti or Penicillium camemberti, fungi which pro-
mote flavor formation in the full cream sheep’s milk [42]. The bio-
chemistry of the ripening of these cheeses is far more complex
than that of bacterial-ripened varieties such as Cheddar or Gouda
and is characterized by more intense proteolysis [43]. As a result,
the core of ripened molded cheeses contains a unique variety of
substances of mammalian, bacterial and fungal origin that are
not present in other cheeses. In particular, Roquefort and other
blue cheeses contain andrastins A–D which are potent inhibitors
of farnesyltransferase, a major enzyme of cholesterol biosynthesis
[42]. Andrastin A is also known to display strong anti-tumor activ-
ities, suggesting its anti-cancer potential [44]. Other substances,
including roquefortine, have strong anti-bacterial properties and
inhibit Gram-positive bacterial growth through cytochrome
P-450 [45].

Conclusion

The link between wine consumption and reduced cardiovascu-
lar mortality is not straightforward. Despite the persistent nation-
wide decline in wine consumption [46], France continues to show
remarkably low levels of cardiovascular mortality. On the other
hand, growing demand for red wine in the countries of Eastern
Europe (Wine Annual Report and Statistics, U-27, 2011) does not
affect the alarmingly high rates of cardiovascular disease in the re-
gion [47]. Therefore, ‘‘French paradox’’ seems to be a multifactorial
phenomenon and not solely due to red wine intake.

Cheese and cheese-based products are essential and indispens-
able ingredients of the typical French and Mediterranean diets. Both
of these diets are characterized by low cardiovascular mortality.
Regular cheese consumption unifies all regional dietary cultures in
France. Moreover, as we discussed above, there is a growing body
of epidemiological, clinical and experimental evidence suggesting
that regular cheese intake may reduce the risk of cardiovascular
outcomes. As we mentioned above, newly discovered cheese-
derived peptides inhibiting the inflammatory cascade and
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angiotensin-converting enzyme may provide a pharmacological ba-
sis for this phenomenon. Therefore it is plausible to conclude that
cheese consumption might be an important factor in conferring
resistance to cardiovascular disease in the French population. This
statement is well supported by the fact that other European coun-
tries with similarly high cheese consumption (Switzerland, Greece)
have a lower incidence of cardiovascular disease and mortality
[18,47,48]. Moreover, there is a distinct north–south gradient across
Europe in the incidence of cardiovascular mortality which is tradi-
tionally explained by lifestyle variations [48]. Among these are die-
tary factors, and cheese consumption in particular may play a crucial
role. Paradoxically, southern regions of France, Italy and Greece are
geographical enclaves of Europe with historically established
cheese-making activity, especially of molded blue cheeses. Scrupu-
lous epidemiological analysis, experimental and clinical studies are
required to verify any such link between blue cheese consumption
and cardiovascular health. However, in our opinion, there is great
and as yet poorly acknowledged promise in the dietary use of
blue-veined cheeses. It is obvious that besides vasoactive peptides
attributable to bacterial-induced modification of the cheese core,
Roquefort and other blue-veined cheeses contain some important
secondary metabolites produced by P. roqueforti and other fungi.
As we stated above, recent advances in molecular science have re-
vealed a wide variety of secondary metabolites of P. roqueforti –
andrastins A–D as well as roquefortine, whose ability to inhibit
cholesterol biosynthesis and bacterial growth might be a key mech-
anism in favoring their therapeutic potential for cardiovascular dis-
ease [49]. If the use of blue-veined cheeses in dietary management of
cardiovascular patients does indeed hold the promise of measurable
health benefits they need to be demonstrated in carefully designed
clinical trials and experimental studies.

Conflict of interest statement

None declared.

References

[1] Black S. Clinical and pathological reports. Newry, UK: Alex Wilkinson; 1819. p.
1–47.

[2] Law M, Wald N. Why heart disease mortality is low in France: the time lag
explanation. BMJ 1999;318(7196):1471–6.

[3] Lippi G, Franchini M, Favaloro EJ, Targher G. Moderate red wine consumption
and cardiovascular disease risk: beyond the ‘‘French paradox’’. Semin Thromb
Hemost 2010;36(1):59–70.

[4] Wu JM, Hsieh TC. Resveratrol: a cardioprotective substance. Ann NY Acad Sci
2011;1215:16–21.

[5] Drewnowski A, Henderson SA, Shore AB, Fischler C, Preziosi P, Hercberg S. Diet
quality and dietary diversity in France: implications for the French paradox. J
Am Diet Assoc 1996;96(7):663–9.

[6] Elisha B, Guebre-Egziabher F, Vidal H, Bastard JP, Laville M, Rabasa-Lhoret R.
From French to Mediterranean diet: importance of the omega-6/omega-3 fatty
acids ratio. World Rev Nutr Diet 2011;102:81–91.

[7] Nadtochiy SM, Redman EK. Mediterranean diet and cardioprotection: the role
of nitrite, polyunsaturated fatty acids, and polyphenols. Nutrition 2011;27(7–
8):733–44.

[8] Tabernero M, Venema K, Maathuis AJ, Saura-Calixto FD. Metabolite production
during in vitro colonic fermentation of dietary fiber: analysis and comparison
of two European diets. J Agric Food Chem 2011;59(16):8968–75.

[9] Pettinger C, Holdsworth M, Gerber M. Meal patterns and cooking practices in
Southern France and Central England. Public Health Nutr 2006;9(8):1020–6.

[10] Perrin AE, Dallongeville J, Ducimetière P, Ruidavets JB, Schlienger JL, Arveiler D,
et al. Interactions between traditional regional determinants and socio-
economic status on dietary patterns in a sample of French men. Br J Nutr
2005;93(1):109–14.

[11] Tamers SL, Agurs-Collins T, Dodd KW, Nebeling L. US and France adult fruit and
vegetable consumption patterns: an international comparison. Eur J Clin Nutr
2009;63(1):11–7.

[12] Opie L, Lamont K, Lecour S. Wine and heart health: learning from the French
paradox. SAHeart 2011;8:172–7.

[13] Razanamahefa L, Lafay L, Oseredczuk M, Thiébaut A, Laloux L, Gerber M, et al.
Dietary fat consumption of the French population and quality of the data on
the composition of the major food groups. Bull Cancer 2005;92(7):647–57.

[14] Volatier JL, Verger P. Recent national French food and nutrient intake data. Br J
Nutr 1999;81(Suppl. 2):S57–9.

[15] Berry EM, Arnoni Y, Aviram M. The Middle Eastern and biblical origins of the
Mediterranean diet. Public Health Nutr 2011;14(12A):2288–95.

[16] Bondia-Pons I, Serra-Majem L, Castellote AI, López-Sabater MC. Identification
of foods contributing to the dietary lipid profile of a Mediterranean population.
Br J Nutr 2007;98(3):583–92.

[17] Welland D. Make room for cheese — if incorporated wisely, it can be part of a
healthful diet. Today’s Dietitian 2011;13(2):16–8.

[18] Wielicka A, Gorynska-Goldman E. World and Poland per capita cheese
consumption. Rocz AR Pozn CCCLXVII, Ekon 2005;4:157–66.

[19] Morowitz HJ. Killer cheese. Hosp Pract 1992;27(1):25–9.
[20] Kliem KE, Givens DI. Dairy products in the food chain: their impact on health.

Annu Rev Food Sci Technol 2011;2:21–36.
[21] Crichton GE, Howe PR, Buckley JD, Coates AM, Murphy KJ. Dairy consumption

and cardiometabolic health: outcomes of a 12-month crossover trial. Nutr
Metab (Lond) 2012;20(9):19.

[22] Huth PJ, Park KM. Influence of dairy product and milk fat consumption on
cardiovascular disease risk: a review of the evidence. Adv Nutr
2012;3(3):266–85.

[23] Hauswirth CB, Scheeder MR, Beer JH. High omega-3 fatty acid content in alpine
cheese: the basis for an alpine paradox. Circulation 2004;109(1):103–7.

[24] Hauswirth CB, Scheeder MR, Beer JH. Alpine cheese–healthy for your heart or
just a lifestyle product? Ther Umsch 2005;62(9):619–24.

[25] Dalmeijer GW, Struijk EA, van der Schouw YT, Soedamah-Muthu SS,
Verschuren WM, Boer JM, et al. Dairy intake and coronary heart disease or
stroke – a population-based cohort study. Int J Cardiol 2012 [Epub ahead of
print].

[26] Goldbohm RA, Chorus AM, Galindo Garre F, Schouten LJ, van den Brandt PA.
Dairy consumption and 10-y total and cardiovascular mortality: a prospective
cohort study in the Netherlands. Am J Clin Nutr 2011;93(3):615–27.

[27] Usinger L, Jensen LT, Flambard B, Linneberg A, Ibsen H. The antihypertensive
effect of fermented milk in individuals with prehypertension or borderline
hypertension. J Hum Hypertens 2010;24(10):678–83.

[28] Pampaloni B, Bartolini E, Brandi ML. Parmigiano Reggiano cheese and bone
health. Clin Cases Miner Bone Metab 2011;8(3):33–6.

[29] Scherr C, Ribeiro JP. Fat content of dairy products, eggs, margarines and oils:
implications for atherosclerosis. Arq Bras Cardiol 2010;95(1):55–60.

[30] Ivey KL, Lewis JR, Hodgson JM, Zhu K, Dhaliwal SS, Thompson PL, et al.
Association between yogurt, milk, and cheese consumption and common
carotid artery intima-media thickness and cardiovascular disease risk factors
in elderly women. Am J Clin Nutr 2011;94(1):234–9.

[31] Hjerpsted J, Leedo E, Tholstrup T. Cheese intake in large amounts lowers LDL-
cholesterol concentrations compared with butter intake of equal fat content.
Am J Clin Nutr 2011;94(6):1479–84.

[32] Sofi F, Buccioni A, Cesari F, Gori AM, Minieri S, Mannini L, et al. Effects of a
dairy product (pecorino cheese) naturally rich in cis-9, trans-11 conjugated
linoleic acid on lipid, inflammatory and haemorheological variables: a dietary
intervention study. Nutr Metab Cardiovasc Dis 2010;20(2):117–24.

[33] Franc M, Krízek T, Coufal P, Stulík K. Differentiation among various kinds of
cheese by identification of casein using HPLC-chip/MS/MS. J Sep Sci
2010;33(16):2515–9.

[34] Dherbécourt J, Bourlieu C, Maillard MB, Aubert-Frogerais L, Richoux R, Thierry
A. Time course and specificity of lipolysis in Swiss cheese. J Agric Food Chem
2010;58(22):11732–9.

[35] Hinrichs J. Mediterranean milk and milk products. Eur J Nutr 2004;43(Suppl.
1):I/12–7.

[36] Karlshøj K, Nielsen PV, Larsen TO. Differentiation of closely related fungi by
electronic nose analysis. J Food Sci 2007;72(6):M187–92.

[37] Muro Urista C, Álvarez Fernández R, Riera Rodriguez F, Arana Cuenca A, Téllez
Jurado A. Review: production and functionality of active peptides from milk.
Food Sci Technol Int 2011;17(4):293–317.

[38] Torres-Llanez MJ, González-Córdova AF, Hernandez-Mendoza A, Garcia HS,
Vallejo-Cordoba B. Angiotensin-converting enzyme inhibitory activity in
Mexican Fresco cheese. J Dairy Sci 2011;94(8):3794–800.

[39] Phelan M, Kerins D. The potential role of milk-derived peptides in
cardiovascular disease. Food Funct 2011;2(3–4):153–67.

[40] Panagiotakos DB, Pitsavos CH, Zampelas AD, Chrysohoou CA, Stefanadis CI.
Dairy products consumption is associated with decreased levels of
inflammatory markers related to cardiovascular disease in apparently
healthy adults: the ATTICA study. J Am Coll Nutr 2010;29(4):357–64.

[41] Geurts L, Everard A, le Ruyet P, Delzenne NM, Cani PD. Ripened dairy products
differentially affect hepatic lipid content and adipose tissue oxidative stress
markers in obese and type 2 diabetic mice. J Agric Food Chem
2012;60(8):2063–8.

[42] EL-Sheikh MM, EL-Senaity MH, youssef YB, Shahein NM, Abd Rabou NS. Effect
of ripening conditions on the properties of blue cheese produced from cow’s
and goat’s milk. J Am Sci 2011;7(1):485–90.

[43] Nielsen KF, Dalsgaard PW, Smedsgaard J, Larsen TO, Andrastins A-D.
Penicillium roqueforti metabolites consistently produced in blue-mold-
ripened cheese. J Agric Food Chem 2005;53(8):2908–13.

[44] Fernández-Bodega MA, Mauriz E, Gómez A, Martín JF. Proteolytic activity,
mycotoxins and andrastin A in Penicillium roqueforti strains isolated from
Cabrales, Valdeón and Bejes-Tresviso local varieties of blue-veined cheeses. Int
J Food Microbiol 2009;136(1):18–25.

I.M. Petyaev, Y.K. Bashmakov / Medical Hypotheses xxx (2012) xxx–xxx 3

Please cite this article in press as: Petyaev IM, Bashmakov YK. Could cheese be the missing piece in the French paradox puzzle? Med Hypotheses (2012),
http://dx.doi.org/10.1016/j.mehy.2012.08.018

http://dx.doi.org/10.1016/j.mehy.2012.08.018


[45] Aninat C, Hayashi Y, André F, Delaforge M. Molecular requirements for
inhibition of cytochrome p450 activities by roquefortine. Chem Res Toxicol
2001;14(9):1259–65.

[46] Lorey T, Poutet P. The representations of wine in France from generation to
generation: a dual generation gap. Int. J. Entrepreneurship Small Bus
2011;13:162–80.

[47] Müller-Nordhorn J, Binting S, Roll S, Willich SN. An update on regional
variation in cardiovascular mortality within Europe. Eur Heart J
2008;29(10):1316–26.

[48] Vollset SE. Does the Southern European cardiovascular mortality advantage
extend to total mortality? 50-year trends in death risks between 40 and
70 years of age in Western European men and women. Scand J Public Health
2010;38(Suppl. 5):127–34.

[49] Uchida R, Shiomi K, Inokoshi J, Sunazuka T, Tanaka H, Iwai Y, et al. New protein
farnesyltransferase inhibitors produced by Penicillium sp. FO-3929. II:
structure elucidation and biosynthesis. J Antibiot (Tokyo) 1996;49(5):418–24.

4 I.M. Petyaev, Y.K. Bashmakov / Medical Hypotheses xxx (2012) xxx–xxx

Please cite this article in press as: Petyaev IM, Bashmakov YK. Could cheese be the missing piece in the French paradox puzzle? Med Hypotheses (2012),
http://dx.doi.org/10.1016/j.mehy.2012.08.018

http://dx.doi.org/10.1016/j.mehy.2012.08.018

