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Abstract: The Mediterranean diet is a dietary pattern associated with increased longevity, 

and has been shown to have anti-inflammatory properties. Based on the findings that natural 

polyamines are strong anti-inflammatory substances, we have found that continuous and increased 

polyamine intake prolongs murine lifespan. Because polyamines are contained in most foods in 

widely varying concentrations, we sought epidemiologic evidence that supports an association 

between the Mediterranean diet and increased polyamine intake. The amounts of food supply 

in 49 European and other Western countries in 2005 were collected from the United Nations 

database, and the amount of food polyamine was estimated using polyamine concentrations in 

foods from published sources. The Mediterranean diet pattern was characteristically observed 

in Mediterranean countries. For all 49 countries and for foods such as olive oil (Spearman 

r = 0.602), fruit (r = 0.804), fruit and vegetables (r = 0.611), seafood (r = 0.461), and cheese 

(r = 0.411), the ratios of the amounts of these foods to total calories consumed were all posi-

tively associated (P , 0.05) with the amount of polyamine per calorie. Legumes per calorie 

(r = 0.379), wine per calorie (r = 0.285), and the amount of seafood and poultry meat relative 

to red meat (r = 0.313) had a trend of positive association with the amount of polyamine per 

calorie (P , 0.05), while several foods in the non-Mediterranean diet group had a trend of no 

or negative association. Food polyamines are absorbed quickly from the intestinal lumen, and 

long-term increased polyamine intake increases blood polyamine concentration. The present 

findings, together with previous studies on polyamines, indicate a possible role for the food 

polyamines that are abundant in the Mediterranean diet in prolonging human life.

Keywords: Mediterranean diet, polyamine, longevity, age-associated diseases

Introduction
The phrase “Mediterranean diet” reflects the dietary patterns characteristic of several 

countries in the Mediterranean Basin. In spite of the relatively high amount of fat 

consumed in Mediterranean countries, individuals living in these countries have far 

lower rates of cardiovascular disease than do those living in the surrounding European 

countries and the US, where similar levels of fat are consumed. A large number of 

epidemiologic studies, as well as several interventional studies, have shown that the 

Mediterranean diet pattern is closely associated with prolonged lifespan and decreased 

mortality due to chronic age-associated health deterioration.1–6

The principal components of the Mediterranean diet pattern include olive oil (the 

principal source of fat), high consumption of legumes, fruit, and vegetables, with 

moderate consumption of dairy products (mostly as cheese and yoghurt), moderate 

to high consumption of fish and poultry, low consumption of red meat and meat 
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Albania, Armenia, Australia, Austria, Azerbaijan,

Belarus, Belgium, Bosnia and Herzegovina, Bulgaria,

Canada, Croatia, Cyprus, Czech Republic, Denmark,

Estonia, Finland, France, Georgia, Germany, Greece, 

Hungary, Iceland, Ireland, Israel, Italy, Kazakhstan,

Latvia, Lithuania, Malta, The Netherlands, 

New Zealand, Norway, Poland, Portugal, Romania,

Russian Federation, Slovakia, Slovenia, Spain, Sweden,

Switzerland, Tajikistan, The former Yugoslav Republic

of Macedonia, Turkey, Turkmenistan, Ukraine, United

Kingdom, United States of America, Uzbekistan

Figure 1 List of target countries.

products, as well as low to moderate wine consumption. 

Several nutrients and non-nutrients have been shown to be 

abundant in the Mediterranean diet pattern, and their possible 

contributions to decreased mortality due to age-associated 

diseases have been investigated. However, despite these 

extensive studies, the role of nutrients such as antioxidants, 

isoflavone, vitamins, and phytochemicals in preventing 

disease has not been successfully confirmed. Consequently, 

the focus has turned to whole diets rather than specific 

supplements to prevent age-associated diseases, such as 

cardiovascular disease.7

Polyamines (spermine, spermidine, and putrescine) are 

organic compounds having two or more primary amino groups, 

are indispensable for cell growth and differentiation, and are 

contained in almost all cells. Polyamine is absorbed quickly 

from the intestinal lumen and distributed to all organs and tis-

sues in the body.8–11 Because most foods originate from plants 

or animals, almost all foods contain polyamines, but in widely 

varying concentrations.12–14 Among various foods, beans, espe-

cially soybeans, contain abundant polyamines, especially sper-

mine and spermidine. A large number of studies have shown 

that soybeans contain component(s) that have favorable effects 

on the progression of chronic age-associated disease, although 

the identity of these substances remains undefined.15

We have shown that spermine and spermidine exert 

an anti-inflammatory effect by inhibiting the synthesis of 

proinflammatory cytokines and decreasing exclusively the 

expression of leukocyte function-associated antigen-1, one 

of the pivotal molecules needed to elicit immune cell acti-

vation and inflammation.16,17 Considering the findings that 

anti-inflammatory substances, such as component(s) of the 

Mediterranean diet, soybeans, and n-3 unsaturated fatty acid 

found in fish oil seem to inhibit age-associated diseases, then 

anti-inflammatory polyamines may have a role in inhibiting 

the progression of age-associated disease.18–22 This is sup-

ported by our finding that mice having a long-term intake 

of chow with polyamine concentrations two to three times 

higher than that of soybeans had decreased age-associated 

pathologic changes and increased longevity.23,24

Materials and methods
In order to support the premise that the increased polyamine 

intake by the Mediterranean diet helps inhibit age-associ-

ated diseases and increase human longevity, epidemiologic 

evidence indicating an association between Mediterranean 

diet and increased polyamine intake was gathered. Dietary 

data (levels of food supply in 2005) were obtained from the 

online database of the Statistics Division of the Food and 

Agriculture Organization of the United Nations. The target 

populations were those of 49 countries in Europe, North 

America, and Oceania (see Figure 1) with similar racial 

and ethnic composition, as well as social and religious 

backgrounds.

The food concentrations of spermine, spermidine, and 

putrescine were obtained from published reports of concen-

trations measured in European foods.12,13 When these reports 

lacked polyamine concentrations for specific foods, or addi-

tional data were necessary to obtain an accurate average con-

centration in a food, we used data from Nishibori et al.14

Because food supply data from the World Health Organiza-

tion do not necessarily indicate the absolute amount consumed 

by each nation and in order to capture the features of the dietary 

pattern, a relative measure of the amount of various foods, such 

as food supply per total calories, was employed.

The availability of foods in Mediterranean countries 

and northern European countries was compared by 

Mann-Whitney U test, with a P value less than 0.05 con-

sidered significant. Spearman correlation coefficients were 

calculated to examine the association between the relative 

amount of various foods and polyamine amount per calorie. 

Analyses were done using StatView 5.0 (SAS Institute Inc, 

Cary, NC) run on an Apple computer, with correlation 

coefficients of more than 0.4 and P values less than 0.05 

considered to be significant.

Results
The concentrations of three polyamines obtained from 

published papers and used for the present study are 
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Table 1 Concentrations of three polyamines in foodsa

Spermine Spermidine Putrescine

Appleb 0 14.73 14.27
Banana 1.00 44.90 317.30
Lemon and lime 0.90 18.40 53.80
Citrus (other) 0.90 18.40 53.80
Pineapple 10.90 27.00 7.60
Grapec 1.60 22.50 26.25
Orange and mandarind 0 41.40 1143.35
Other fruite 3.02 25.50 11.55
Pulsesf 66.46 179.70 69.64
Treenutsg 46.93 186.97 56.90
Groundnut 34.60 388.70 61.40
Cerealsh 17.94 57.55 27.29
Potatoi 7.90 64.70 68.73
Maizej 8.00 144.00 576.00
Onionk 2.50 41.20 38.85
Tomatol 0 19.35 380.20
Vegetablesm 6.69 124.13 52.98
Stimulantsn 12.50 61.40 18.98
Oil crops 0 0 0
Sugar 0 0 3.00
Coffee 0 0 0
Alcoholic beverageso 0 1.00 0
Beerp 0 0.50 18.60
Wineq 0 2.17 26.80
Animal fats 0 0 0
Beefr 120.70 22.45 36.00
Butter and ghee 0 0.50 0
Cephalopodss 86.00 13.50 82.00
Cheeset 21.58 145.34 589.71
Cream 0 0 0.30
Crustaceansu 0 1.98 4.48
Edible offalsv 98.90 82.28 11.34
Eggs 0 0 20.50
Fishw 16.25 16.35 61.93
Honey 0 1.00 8.00
Meatx 110.53 29.68 32.78
Molluscsy 94.43 73.13 202.83
Mutton and goat meat 131.30 39.70 8.20
Other marine meatz 37.76 25.46 82.70
Pork 160.15 18.15 19.50
Poultryza 91.70 27.50 11.43
Wheyzb 1.00 1.00 0
Whole milk 0 0 0.30

Notes: aFor the polyamine concentrations in each food, the mean concentrations in the following foods were used; bJonagold, Golden, and Granny Smith; cred grape and 
green grape; dorange and orange9; eraisin, prune, pear, peach, yellow peach, dates, kiwifruit, strawberry, and melon; fFrench bean, red bean, garden pea, soyabean9, and 
red kidney bean9; ghazelnut, almond, and pistachio; hrice, semolina, pasta, white bread, oat bread, rye bread, and whole wheat bread; ipotato skinned, potato with skin, 
and potato9; jmaize14; konion and onion9; ltomato and tomato9; msalsify, celery, carrot, green cabbage, beet, beetroot, carrot, sorrel, radish, chicory, leek, escarole, red 
cabbage, green leek, Brussels sprout, lettuce, chervil, cabbage, parsley, mushroom, and button mushroom; ngarlic, yellow pepper, green pepper, and red pepper; owhisky 
and cognac; plager beer and stout beer; qwhite (Burgundy), white (Loire), red (Bordeaux), red (Côtes du Rhône), red (Touraine), and red (Beaujolais) wines; rveal and 
beef; ssquid and octopus14; tsoft cheese, Swiss Emmental, French Emmental, goat cheese without rind, Brie pasteurized without rind, graded cheese, Camembert, Brie 
pasteurized with rind, goat cheese with rind, Roquefort, sweet Cantal with rind, Comte, Saint Nectaire without rind, Saint Nectaire with rind, aged Cheddar9, and fresh 
cheddar9; uscampi, shrimp, crayfish, and crab claw; vox tongue, liver mousse, chitterling, duck liver paste, and pork liver paste; whake, cod, whiting, smoked salmon, mullet, 
fresh salmon, cod9, and trout9; xveal, pork, turkey, chicken leg, rabbit, lamb, chicken wing, and beef; yoyster, white scallop, coral scallop, and clam14; zhake, cod, whiting, 
smoked salmon, mullet, fresh salmon, cod9, trout9, scampi, shrimp, crayfish, crab, squid, octopus14, oyster, white scallop, coral scallop, and clam14; zaturkey wing, chicken 
leg, and chicken wing. zbNo available data, therefore data of matured yoghurt were used. Concentrations of polyamines in foods with no superscript indicate that they 
were from a single food13. Polyamine concentrations were expressed as nmol/g or mL. The amount in fish was a sum of the amounts in freshwater fish, and demersal, 
pelagic, and other marine fish; the amount in other marine meat was obtained by subtracting the sum of the amounts in fresh water fish, demersal and pelagic fish, other 
marine fish, crustaceans, molluscs, and cephalopods from the amount in fish and seafood in the FOSTAT database. Aquatic animals and other aquatic products were not 
consumed in surveyed countries.
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shown in Table  1. These concentrations differed consid-

erably among foods. Basically, meat and some seafood 

contained relatively large amounts of spermine and sper-

midine, and several fruit and vegetables contained rela-

tively large amounts of spermidine and putrescine. While 

whole milk had few polyamines, cheese contained a large  

amount.

To test whether the data showed that increased amounts 

of Mediterranean diet foods were preferred in Mediterra-

nean countries, food amounts relative to calorie amounts 

were compared between Mediterranean and northern 

Europe. As shown in Table 2, greater amounts of olive oil, 

legumes, vegetables, and fruit and vegetables are preferred 

in Mediterranean countries compared with northern Euro-

pean countries. In addition, although no significance was 

observed, Mediterranean countries tend to prefer cheese 

Table 2 Comparison of foods between Mediterranean countries 
and northern European countriesa

Mediterraneanb 

countries
Northernc 

countries
P value

Olive oil/total calories 8.34 ± 4.81   0.47 ± 0.37 0.003
Percent olive  
oil/total fat

19.58 ± 11.76   1.19 ± 0.92 0.005

Percent animal  
fat/total fat

44.00 ± 8.70   58.76 ± 4.79 0.017

Legumes/total calories 3.16 ± 1.13   1.36 ± 0.78 0.017
Fruit/total calories 105.36 ± 26.89   85.83 ± 23.48 0.257
Vegetables/total  
calories

140.94 ± 36.70   73.77 ± 13.44 0.003

Fruit and  
vegetables/total  
calories

246.30 ± 31.31 159.60 ± 20.20 0.007

Wheat/total calories 91.24 ± 18.42   75.00 ± 17.14 0.089
Potato/total calories 48.00 ± 12.59   77.67 ± 21.51 0.017
Cheese/total calories 14.70 ± 6.75   11.61 ± 5.93 0.497
Dairy products/total 
calories

182.67 ± 33.94 227.60 ± 49.71 0.141

Whole milk/total  
calories

54.76 ± 23.62   87.87 ± 32.50 0.070

Percent cheese/dairy 
products

7.67 ± 2.77   5.09 ± 2.53 0.113

Seafood/total calorie 23.72 ± 8.34   24.76 ± 17.54 0.651
Percent seafood and 
poultry/red meat

67.62 ± 13.19   83.70 ± 30.59 0.308

Wine/total calories 30.93 ± 9.42   11.60 ± 5.88 0.006 
Beer/total calories 32.88 ± 20.13   69.47 ± 5.72 0.017
Other alcoholic 
drinks/total calories

1.91 ± 1.05   5.17 ± 3.13 0.017

Notes: aData represent mean ± standard deviation; bFrance, Spain, Italy, and 
Greece; cDenmark, Estonia, Finland, Germany, Iceland, Ireland, Latvia, Lithuania, 
Netherlands, Norway, Russian Federation, Sweden, and UK. Legumes, fruits, vegetables, 
wheat, potato, cheese, dairy products, and seafood amounts are expressed in μg. Olive 
oil, whole milk, wine, beer, and other alcoholic drink amounts are expressed in μL.

Table 3 Correlation between polyamine and foods

Spearman’s correlation 
coefficient

P value

Mediterranean diet foods
  Olive oil/total calories 0.602 ,0.001
  Olive oil/total fat 0.612 ,0.001
  Legumes/total calories 0.379 0.009
  Legumes/crops calories 0.395 0.006
  Fruit/total calories 0.804 ,0.001
 � Fruit and vegetables/total  

calories
0.611 ,0.001

  Wheat/total calories -0.287 0.047
 � Seafood calories/total  

calories
0.461 0.001

 � Seafood and poultry  
meat/red meat

0.313 0.030

 C heese/total calories 0.411 0.005
  Seafood fat/total fat 0.391 0.007
  Wine/total calories 0.285 0.049
Non-Mediterranean diet foods
  Potato/total calories -0.078 0.586 
  Animal fat/total fat -0.004 0.980 
  Whole milk/total calories -0.323 0.025
  Whole milk/dairy products -0.351 0.015
  Beer/total calories -0.013 0.927
 � Other alcoholic  

drink/total calories
-0.136 0.345

Notes: Spearman’s correlation coefficients were calculated to examine the 
association between the relative amount of various foods and polyamine intake 
per calories. Correlation coefficients of more than 0.4 and a P value less than 0.05 
were considered significant. Mediterranean diet foods indicate the typical foods of 
which consumption were reported to be higher in Mediterranean countries than  
non-Mediterranean countries.

rather than whole milk, and wheat (cereals) rather than 

potatoes. While beer and other alcoholic beverages were 

preferred in northern European countries, wine was pre-

ferred in Mediterranean countries. Compared with those 

in Mediterranean countries, people in northern European 

countries had a significant preference for foods that are 

absent from the Mediterranean diet, such as animal fat 

and potatoes.

The association between the relative amount of Medi-

terranean diet foods and polyamines per calorie was evalu-

ated for the 49 Western countries. As shown in Table 3, 

polyamine amount per calorie was significantly associated 

with the amount of olive oil, fruit and vegetables, seafood, 

and cheese relative to total calories supplied. Although their 

correlation coefficients were less than 0.4, the following 

ratios (legumes to total calories consumed, seafood and 

poultry to red meat, seafood fat to total fat, wine to total 

calories consumed) had a trend of positive association with 

polyamine amount per calorie with P values less than 0.05. 
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Among the Mediterranean diet foods, only the ratio of 

wheat to total calories had a trend of negative association 

with polyamine amount. In spite of the positive association 

between cheese and polyamine amount, the ratio of whole 

milk to total calories and whole milk to dairy products had 

a trend of negative association with polyamine amount (P 

value less than 0.05).

Because our previous experiments showed that sper-

mine has the most potent biologic activity among natural 

polyamines,17 this analysis was done using spermine amount 

per calorie instead of total polyamine per calorie. As shown in 

Table 4, the results were similar to those in Table 3. Namely, 

spermine amount per calorie was significantly associated 

with supply of many Mediterranean diet foods, such as olive 

oil, fruit, seafood, cheese, and wine, relative to total calories. 

Again, despite the positive association between cheese and 

spermine amount, the ratio of whole milk to total calories 

and whole milk to dairy products had a negative association 

with spermine amount.

Discussion
The present epidemiologic study using data collected 

from an open database produced results similar to those of 

previous reports.4–6 Namely, in Mediterranean countries, 

olive oil, legumes, fruit and vegetables, cheese, and wine 

are consumed in preference to animal fat, potatoes, and 

whole milk. Unfortunately, some of the data relevant to 

the Mediterranean diet, such as the amount of unrefined 

cereals and yoghurt, especially low-fat yoghurt, could not 

be obtained. Also, there was no between-region difference 

in the supply of a few Mediterranean diet foods per total 

calories, such as seafood and poultry relative to red meat. 

However, this epidemiologic study using an open database 

revealed that most Mediterranean diet foods are preferred 

in Mediterranean countries relative to northern European 

countries.

There is increasing evidence that following a Mediter-

ranean diet correlates with greater longevity and delays 

the onset of age-associated health deterioration, not only 

in Mediterranean countries but also in non-Mediterranean 

countries.25,26 Although many studies have focused on par-

ticular food substances in the Mediterranean diet that are 

responsible for maintaining human health, the results have 

not been adequately confirmed. As shown in the previous 

reports and in Table 1, polyamines are contained in most 

foods in widely varying concentrations,12,13 therefore dif-

ferences in dietary pattern greatly influence the amount of 

polyamine intake. As expected, most Mediterranean diet 

food consumption is associated with increased polyamine 

amount.

Among the mechanisms that account for the protective 

effect of the Mediterranean diet against age-associated 

health deterioration is that the Mediterranean diet seems 

to have a protective effect against mild chronic inflam-

mation and its metabolic complications.18–20,27,28 Similar 

to n-3 unsaturated fatty acids, which have been shown to 

decrease age-associated health deterioration,29,30 polyamine, 

especially spermine, has an anti-inflammatory effect by 

suppressing inflammatory mediators.16,17 In addition, an 

increase in intracellular polyamines from extracellular 

sources seems to help maintain vascular health. The 

increase in intracellular polyamines suppresses enzy-

matic activities needed for polyamine synthesis. Because 

polyamines are synthesized from arginine, this suppression 

could increase the amount of arginine available for nitric 

oxide synthesis. Decreased bioavailability of nitric oxide 

is involved in the pathogenesis of various disorders,31 and, 

Table 4 Correlation between spermine and foods

Spearman’s  
correlation coefficient

P value

Mediterranean diet foods
  Olive oil/total calories 0.608 ,0.001
  Olive oil/total fat 0.579 ,0.001
  Legumes/total calories 0.270 0.153
  Legumes/crops calories 0.226 0.117
  Fruit/total calories 0.491 ,0.001
 � Fruit and vegetables/total  

calories
0.107 0.459

  Wheat/total calories -0.579 ,0.001
 � Seafood calories/total  

calories
0.587 ,0.001

 � Seafood and poultry  
meat/red meat

0.140 0.334

 C heese/total calories 0.550 ,0.001
  Seafood fat/total fat 0.490 ,0.001
  Wine/total calories 0.511 ,0.001
Non-Mediterranean diet foods
  Potato/total calories -0.100 0.487 
  Animal fat/total fat 0.160 0.267 
  Whole milk/total calories -0.482 ,0.001
  Whole milk/dairy products -0.557 ,0.001
  Beer/total calories 0.464 0.001
 � Other alcoholic  

drink/total calories
0.003 0.984

Notes: Spearman’s correlation coefficients were calculated to examine the 
association between the relative amount of various foods and spermine intake per 
calories. Correlation coefficients of more than 0.4 and a P value less than 0.05 were 
considered statistically significant. Mediterranean diet foods indicate typical foods of 
which consumption were reported to be higher in Mediterranean countries than in 
non-Mediterranean countries.
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conversely, increased nitric oxide maintains normal vascular 

function.32,33 Therefore, continuously increased polyamine 

intake from foods increases nitric oxide availability and 

helps slow the progression of age-associated vascular 

disorders, which are the biggest killer of adults in European 

and Western countries.

This is an epidemiologic study, so there may be confound-

ing factor(s) between the amount of polyamine and the Medi-

terranean diet foods. Moreover, polyamine content in food is 

affected by the effects of food processing and storage, and 

one of the weaknesses of the present study was the inability 

to comprehend these changes.32,33 However, the present find-

ings, together with previous studies on polyamines,23 indicate 

a possible role for the food polyamines that are abundant in 

the Mediterranean diet in prolonging human life.

Disclosure
This research received no specific grant from any funding 

agency in the public, commercial, or not-for-profit sectors.
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