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Abstract: Nutrition is considered to be one of the key components in the development of most chronic degenerative dis-

eases so that medical nutrition therapy has become important in their primary prevention. Food-based dietary guidelines 

provide the following values: the Lowest Threshold Intake (LTI), the Average Requirement (AR) and the Population Ref-

erence Intake (PRI) or Recommended Dietary Allowance (RDA). RDA indicates the quantity of a nutrient that must be 

present in the food supply if the dietary requirements of most of the population are to be met. Contrary to the established 

optimistic belief about Mediterranean diet, we have repeatedly documented widespread unhealthy dietary behaviours in 

adult subjects living in Pisa. The distribution of energy sources was incorrect and fibre consumption did not match general 

guidelines. Moreover, mild to moderate combined element (calcium) and vitamin (vitamin B1, folates, vitamin D, and vi-

tamin E) deficient intakes were observed. The finding of essential nutrient deficiencies in otherwise over-nourished adults 

prompted us to reconsider the variety and abundance of foods required to guarantee the reference requirements for those 

substances and which are the historical, environmental, and contingent factors able to prevent the adequacy of food sup-

plies in meeting physiological needs. 
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NUTRIENT REQUIREMENTS IN HUMAN NUTRI-

TION 

 The acceptable approaches to setting dietary guidelines 
include the epidemiological approach and the food consump-
tion approach; these two may be used together.  

 The Food and Nutrition Board of the U.S. National 
Academy of Sciences established and then updated a set of 
recommendations of a standard daily allowance for each type 
of nutrient since 1941. In 1981, in consideration of the recur-
ring confusion in literature and the multiplicity of terminol-
ogy used, a joint FAO/WHO/UNU Expert Consultation on 
Energy and Protein Requirements proposed a consensus 
document entitled Minimum physiological requirements and 
recommended dietary allowances [1]. The concept of risk 
was applied to the recommended intake, set at the average 
requirement + 2 standard deviations (assuming a Gaussian 
distribution), so that the probability of the recommended 
intake being inadequate was only 0.025. The Recommended 
dietary allowance (RDA) indicates the quantity of a nutrient 
that must be present in the food supply if the needs of most 
(97.5%) of the populations are to be met. In 1993 the Scien-
tific Committee for Food (SCF) provided values for several 
indices of nutritional adequacy [2]. The SCF suggested the 
Population Reference Intake (PRI) in the place of RDA and 
set a new index, the Lowest Threshold Intake (LTI) that is 
the intake below which almost all individuals will be un-
likely to maintain metabolic integrity.  

 In 1997, the Food and Nutrition Board of the National 
Academy of Sciences proposed a set of values as standards 
for nutrient intakes for healthy persons. The Dietary Refer-
ences Intakes (DRIs) reference values included: the Esti-
mated Average Requirement (EAR), the RDA, the Adequate  
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Intake (AI), and the Tolerable Upper Intake Level (UL) [3]. 
The EAR is defined as the nutrient intake value estimated to 
meet the requirement of 50% of the healthy individuals. The 
AI is set for those nutrients for which scientific data are in-
sufficient to establish an EAR and a RDA. The UL is the 
maximum level of total chronic daily intake of a nutrient 
judged to be unlikely to pose a risk of adverse health effects 
to human. Acceptable Macronutrient Distribution Ranges 
(AMDR) have successively been established: the range of 
intakes of an energy source that is associated with a reduced 
risk of chronic disease yet can provide adequate amounts of 
essential nutrients. The ULs of micronutrients have been also 
reviewed by the SCF [4]. A comparison between the recent 
DRI reports and the previous RDAs is available at 
http//www.mypyramid.gov; differences in RDA set by medi-
cal authorities in the UK, the European Union and the USA 
can be found at http://www.nassdb.org.uk/f2/Vitamins_ 
Minerals.htm. Since the recommended intake levels have 
been generally established on the basis of the reference in-
takes in adult men and women, they differ from U.S.A. to 
Europe (Table 1). A singular aspect of the problem is that, as 
Walter Willett said, we never had a high level of proof to set 
current nutritional recommendations but the prevention of 
the index disease [5]. On the one hand, the classic vitamin 
deficiency syndromes (such as beriberi, pellagra, scurvy, 
rickets, etc.), that are short-latency diseases, have become 
uncommon in Western societies, although some subgroups 
remains at risk (elderly subjects, hospitalised patients, and 
alcohol-dependent individuals). On the other hand, the scien-
tific community renewed the interest in the role of low nutri-
ent intake in nonindex, long-latency, multifactorial disorders 
such as cancer, cardiovascular disease, central nervous sys-
tem degeneration [6]. For example, inadequate calcium in-
take has been suggested to produce the calcium paradox 
disease that could be associated with obesity and hyperten-
sion. Folate deficiency is characterised by macrocytic ane-
mia and fetal neural tube defects, but it could also contribute 
to coronary artery disease (together with vitamins B6 and 
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B12) as well as colon and breast cancer. Furthermore, setting 
requirements by estimating the amount of vitamin necessary 
to reverse symptoms of vitamin deficit markedly differs from 
establishing the amount of vitamin necessary to reduce the 
risk of chronic diseases. The recommended vitamin D re-
quirements prevent rickets and osteomalacia, but higher se-
rum 25(OH)D concentrations than usual “reference” ranges 
could be required for the autocrine function of vitamin D [7]. 
Higher serum concentrations of vitamin E were associated 
with significant reductions in total and cause-specific mortal-
ity [8]. 

TIME TRENDS OF THE DIETS IN EUROPE (WITH 

PARTICULAR REFERENCE TO ITALY) 

 The Data Food Networking (DAFNE) initiative is a joint 
effort of European countries to compare the food habits of 
their populations and monitor overtime trends in food avail-
ability, through the creation of a regularly updated food da-
tabank (http://www.nut.uoa.gr/english/). The aim is the de-
velopment of a nutrition monitoring tool that could assist the 
formulation, implementation and evaluation of nutritional 
policies across Europe. The DAFNE databank is based on 
information collected in the context of household budget 
surveys (HBS) that are periodically conducted by the Na-
tional Statistical Offices of most European countries in coun-
try-representative samples of households. By recording data 
on the values and quantities of household food purchases, 
HBS can adequately depict the dietary patterns prevailing in 
representative population samples. The concurrent recording 

of demographic and socioeconomic characteristics of the 
household members allows the evaluation of the effects of 
these characteristics on dietary choices. The DAFNE data-
bank allows inter-country comparisons of daily individual 
food availability, comparisons of the eating behaviour of 
various population segments, and the identification of dietary 
patterns.  

 In the Mediterranean and Asian countries, traditional 
eating patterns have been considered healthful because asso-
ciated with low rates of chronic diet-related diseases. How-
ever, traditional diets vary substantially from place to place 
and, in developed nations, are rapidly changing.  

 The Scientific and Technological Options Assessment 
(STOA) report on Nutrition in Europe summarised the fol-
lowing components of the historical Mediterranean diet [9]: 

• abundance of food from plant sources, 

• variety of minimally processed, seasonally fresh and 
locally grown foods, 

• olive oil as principal fat,  

• total fat ranging from less than 25% to over 35% 
(around 28% in Italy) with the monounsaturated-to-
saturated fats ratio usually 2, 

• daily consumption of low to moderate amounts of 
cheese and yoghurt, 

• weekly consumption of low to moderate amounts of 
fish and poultry and few eggs, 

Table 1. The Dietary References Intakes (DRI) and Tolerable Upper Intake Levels (UL), reported by gender and life stage group, 

are the most recent set of dietary recommendations established by the Food and Nutrition Board of the Institute of Medi-

cine (1997-2001). The EU Scientific Committee established the Population Reference Intakes for Food 

Life stage group MICRONUTRIENT 

 Calcium (mg) Vitamin B1 (mg) Folates ( g) Vitamin D ( g) Vitamin E (mg) 

 DIETARY REFERENCE INTAKE 

Females 19-30 y 1000 1.1 400 5 15 

Females 31-50 y 1000 1.1 400 5 15 

Females 51-70 y 1200 1.1 400 10 15 

Females >70 y 1200 1.1 400 10 15 

Males 19-30 y 1000 1.2 400 5 15 

Males 31-50 y 1000 1.2 400 5 15 

Males 51-70 y 1200 1.2 400 10 15 

Males >70 y 1200 1.2 400 10 15 

 TOLERABLE UPPER INTAKE LEVELS 

19-70 y 1000 ND 1000 50 1000 

>70 y 1200 ND 1000 50 1000 

 POPULATION REFERENCE INTAKES 

Males +18 y 800 (2500) 1.1 (50) 200 (1000) 5 (50) 10 (1000) 

Females +18 y 800 (2500) 0.9 (50) 200 (1000) 5 (50) 10 (1000) 
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• fresh fruit as typical dessert, 

• red meat few times per month,  

• moderate consumption of wine. 

 By re-analysing the data from EURATOM survey on 
diets in Europe, profound regional differences emerged in 
Italy. In Southern Italy, cereals contributed to 60% of total 
dietary energy; sugar and confectionery provided less than 
2% of total energy. Fruiting vegetables and green leafy vege-
tables dominated; milk, dairy products and meat were con-
sumed much less than anywhere else; 28% of energy derived 
from lipids (only 7% saturated fatty acids). On the contrary, 
in Northern Italy, total dietary lipid energy content was 34% 
(14% saturated fatty acids). Sugar and confectionery 
amounted to 7-14%; potatoes, other roots and tuber com-
prised the bulk of vegetables. After World War II, major 
changes occurred: the amount consumed of cereal, cereal 
products, potatoes and other starchy roots have decreased, 
whereas increased the consumption of meat, milk and milk 
products.  

 The STOA document on European Policy of Food Safety 
[10] evidenced that the general increase in the quantity and 
variety of food available has been accompanied by the emer-
gence of diet-related diseases as an important cause of death. 
Degenerative conditions such as cardiovascular disease, can-
cer, diabetes, obesity, osteoporosis and hypertension were 
prevalent in the European society. Cardiovascular disease 
was the main cause of death in the European Union (42% of 
all deaths before the age of 74 years). Cancer accounted for 
29% of all deaths in men and 22% of female deaths. The 
prevalence of obesity was rising in all age groups. 

 Data from the food balance sheets collected yearly by 
FAO showed that the European eating patterns have been 
subject to various changes. There was a constant increase in 
the meat supply from 185 g/person/day in 1970 to 236 
g/person/day in the late 1990s. Cereal availability has been 
generally static. Since 1978 fruit supply has continuously 
increased, reflecting consumers’ documented preference for 
increasing their fruit rather than vegetable intake. The avail-
ability of vegetable oils has generally always been higher 
than that of animal fat. In the 1970s, the supply of both vege-
table oils and animal fats was estimated at approximately 37 
g/person/day. However, since 1978, a remarkable increase in 
the availability of vegetable oils has occurred, which has not 
been followed by a similar trend in the availability of animal 
fat. The availability of fruits and vegetables is higher in the 
south of Europe (617 g/person/day in Greece and 488 in 
Spain, while 276 in Norway and only 233 in the Republic of 
Ireland). Northern populations more often include processed 
fruit and vegetable products in their daily diet. Ninety six 
percent (96%) of fruits and vegetables are consumed fresh in 
Greece, compared with an estimated 66% in the United 
Kingdom. 

 Total added lipid availability lies between 72 
g/person/day in Greece and 33 g/person/day in the UK. In 
Greece and Spain, however, vegetable oils (particularly olive 
oil) provide the totality of the availability. Vegetable fat is 
the prevailing lipid in Central and Northern Europe, whereas 
in Eastern European countries, butter and animal fat are 
more prominent. 

CURRENT DIETARY PATTERN IN CENTRAL IT-
ALY 

 Interesting findings emerged from a first study we con-
ducted in type 1 diabetes families and healthy control sub-
jects [11]. We obtained a detailed assessment of nutrient 
intake levels and lifestyle using standardised European Pro-
spective Investigation of Cancer and Nutrition (EPIC) ques-
tionnaires adapted for use in the Italian population. Anthro-
pometric indices and nutritional biomarkers (such as plasma 
levels of albumin, iron, lipids, homocysteine, vitamin B9 and 
vitamin B12 as well as urinary outputs of nitrogen, sodium 
and potassium) were also evaluated. 

Emerging health issues were: 

• 45% of controls were overweight.  

• The distribution of energy sources was incorrect. The 
proportion of caloric intake derived from total fat and 
cholesterol did not match general guidelines. Most 
controls (presumed to be consuming a free diet) ate 
up to 50% more protein than recommended as 
RDAs/AIs. Total dietary fibre consumption was ade-
quate (25 g/d) in only 27% of all the participants. 

• Estimated daily intakes of water-soluble vitamin B9 
(or total folates) and fat-soluble vitamin D (sum of 
ergocalcipherol and cholecalcipherol) and vitamin E 
(sum of all tocopherols and tocotrienols) were defi-
cient in comparison with RDAs and AIs (400 g, 5 to 
10 g, and 15 mg, respectively).  

 Moreover, estimated intakes of sodium (2.8±1.1 g) were 
significantly underreported in comparison with values de-
rived from urinary measurements (3.9±1.7 g, p<0.001). The 
latter values consistently were higher than presently sug-
gested AI of 1.3-1.5 g sodium per day (www.iom.edu). 

 Thus, current diet of residents from Pisa province did not 
provide appropriate amounts of macro and micronutrients. 
EPIC data in the Italian EPIC cohorts [12], the Data Food 
Networking Reports [13], and evidence from a primary 
school health program carried out in Pisa [14] confirmed that 
Italian eating habits are undergoing marked changes with a 
tendency to less healthy eating. Considered that RDA values 
probably rely on outdated concepts of deficiency diseases 
and the special issue needs a reappraisal of current knowl-
edge as to the optimal dietary intake for minimising degen-
erative diseases [15], the observed diet patterns may be seri-
ously inadequate for health. Indeed, the approach of setting 
requirements by estimating the amount of a nutrient neces-
sary to reverse symptoms of deficiency is different from the 
approach of establishing the amount necessary to reduce the 
risk of chronic diseases. 

 The upper-mentioned findings were confirmed by a suc-
cessive study designed to investigate and improve the nutri-
tion and the lifestyle of type 2 diabetes patients with high 
cardiovascular risk [16]. In that study, dietary assessment 
was performed by a detailed dietary recall. Weights of food 
were estimated using a standard reference guide and ana-
lysed by a trained operator using Microdiet software (Salford 
University). Data from 193 24-hour dietary recalls evidenced 
that mean dietary energy intake was 1664±441 kcal/day, the 
percentage of energy from protein was 18±4%, carbohydrate 
49±7%, total lipid 31±8%, P/S ratio was 0.89±0.54. Daily 
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intake of cholesterol was > 200 mg/day in 69 of 193 24-hour 
dietary recalls; daily intake of sodium was above 2300 
mg/day in 132 recalls.  

 The following daily intakes were below RDAs/AIs: fibre 
22±6 g/day (< 21 g/d in 136 of 193 24-hour dietary recalls); 
calcium 1100±500 mg/day (< 1200 mg/day in 185/193); vi-
tamin B1 1.1±0.3 mg/day (< 1.1 mg/day in 154); vitamin B9 
or total folates 282±73 g/day (< 400 g/day in 164); vita-
min D 3.2±1.4 g/day (< 10 g/day in 183); vitamin E 
8.3±2.4 mg/day (< 15 mg/day in 188). Thus, were inade-
quate the intakes of several vitamins and calcium in aged 
diabetics. 

AIM 

 The finding of essential nutrient deficiencies in otherwise 
over-nourished adults prompted us to reconsider the variety 
and abundance of foods required to guarantee the reference 
requirements for those substances and which are the histori-
cal, environmental, and contingent factors able to prevent the 
adequacy of food supplies in meeting physiological needs. 

 We will consider separately the RDAs for men and 
women of fibre and micronutrients (calcium, vitamin B1, 
total folates, vitamin D, vitamin E) whose estimated daily 
intake resulted inadequate in our previous investigation [11] 
and the dietary sources principally contributing the sug-
gested amounts of those naturally occurring nutrients. 

DIETARY FIBRE 

 Dietary fibres (cellulose, hemicellulose, pectin, guar, 
psyllium, beta-glucan, Klason lignin and digestion-resistant 
starch) play an essential role in the physiology of the gastro-
intestinal tract. Total dietary fibre consumption and fibre 
supplementation could contribute to the prevention of hyper-
tension [17], diabetes [18], and colorectal cancer [19]. Die-
tary fibres include water-soluble and insoluble fibres that are 
present in plant foods and in fibre preparations. Viscous and 
gel-forming properties of soluble dietary fibres were found 
to beneficially influence blood lipids and postprandial gly-

caemia, although, in prospective studies, reduced diabetes 
risk was significantly associated with insoluble cereal fibres 
[20]. The American Heart Association recommends at least 
the amount of 25 g/day, whereas the 73% of our interviewed 
subjects reported a daily fibre intake less than 25 g [11]. The 
food frequency EPIC questionnaire calculates energy and 
nutrient intakes from dietary assessment by using data from 
the Italian food code [21]. Daily amount (vq, g/day) and 
daily frequency of consumption (vf) of specific food items 
are also provided. The sources of fibre intake in our centre 
were (in order of decreasing importance) fruits, bread, pasta, 
legumes, and cakes. The medians of vq and vf for each food 
group in the observed standard Italian diet are summarised in 
Table 2. As shown in the Table, unfortunately, current Italian 
dietary habits do not include the frequent consumption of 
wholemeal pasta or bread, raw vegetables or salad. 

DIETARY CALCIUM AND VITAMIN D 

 The requirement for calcium remains elevated even in 
adult subjects because: 1) bone serves as nutrient reserve for 
calcium beyond its structural role, 2) intestinal calcium ab-
sorption from food sources is inefficient, and 3) the ability to 
adapt to inadequate calcium intakes decreases with age. Die-
tary calcium deficiency is considered to produce osteoporo-
sis among adults; however, vitamin D insufficiency and low 
dietary calcium intake should combine to induce rickets [22]. 
In our study, 51 of the 204 participants (25%) had an esti-
mated dietary calcium intake less than 800 mg/day, 100 
(49%) less than 1000 mg/day. The principal source of dietary 
calcium was cheese consumption, since daily milk intake did 
not reach the recommended amount of 200-250 ml and yo-
ghurt consumption was infrequent (Table 3). 

 The hypovitaminosis D osteopathy evolves through suc-
cessive degrees: calcium malabsorption without histologic 
abnormalities, calcium malabsorption and osteoporosis, rick-
ets or osteomalacia. However, evidence indicates malfunc-
tioning and morbidity, correctable with vitamin D, in persons 
who do not have the index disease [7]. When sun exposure is 

Table 2. The medians of daily amount (vq, g/day) and daily frequency of consumption (vf) of food items mainly contributing to 

fibre intake. The content in fibre in the left column refers to the food indicated within brackets 

Food vq (g/day) vf (frequency) Fibre (g/100 g) 

Fruit (apple) 208 1.7 2.0 

Bread 155 3.0 3.8 

Crispbread 3.0 0.3 5.8 

Pasta 75 0.9 2.6 

Legumes (beans) 15 0.2 10.6 

Cakes (brioche) 28 0.3 2.5 

Potatoes 23 0.3 1.6 

Leafy vegetables, raw (lettuce) 14 0.6 1.5 

Leafy vegetables, cooked (spinach) 10 0.2 1.9 

Fruiting vegetables (eggplant) 20 0.2 2.6 

Tomatoes, raw 60 0.4 1.0 
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limited, a dietary intake of vitamin D is required to maintain 
the circulating levels of 25 hydroxyvitamin D3, the precursor 
of the active form of vitamin D synthesised in the renal 
proximal tubule. Extra-renal tissues are also able to synthe-
sise 1,25-dihydroxyvitamin D that critically regulate key 
autocrine function. Whereas circulating 25 hydroxyvitamin 
D3 levels of 20-29 nmol/L prevent rickets, levels of 75-80 
nmol/L should be required to support both endocrine and 
autocrine functions [23]. In the winter, a mean requirement 
of at least 12.5 g has been calculated to prevent the increase 
in bone turnover associated with vitamin D drop. In many 
countries, without food fortification or supplement use, vi-
tamin D intake is usually inadequate. All participants in our 
study had a daily vitamin D intake below 10 g and 184 
(90%) had an intake below 5 g/day. As shown in Table 3, 
low daily fish and milk (not fortified) consumption in Pisa 
could not provide the necessary vitamin D intake require-
ment.  

VITAMIN B1 

 The index disease for vitamin B1 is beriberi. One form, 
called dry beriberi, causes nerve and muscle abnormalities, 
whereas wet beriberi causes heart abnormalities till to heart 
failure. Thiamine inadequate intake may be associated with 
alcohol abuse where brain abnormalities primarily occur. 

 B vitamins deficiency has been supposed to be involved 
in the pathogenesis of age-related neurodegenerative disor-
ders; they affects cognitive function, movement disorders, 
brain neurotransmitters and histopathology in animal and in 
vitro models. Thiamine-depleted diets induce damage in rats’ 
brains and impair their performance in neurocognitive tests 
(http://www.ncbi.nih.gov/books/bv.fcgi?rid=hstat1b.chapter.
42480).  

 A previous assessment of vitamins B1 and B2 status in 
an adult Spanish population (by both 48 hour recall and bio-
chemical analyses) found that intakes were below two-thirds 
of the recommended dietary allowance for vitamin B1 in 
7.8% of the men and 4.5% of the women. Age, educational 
level, alcohol use and smoking were also associated with 

differences in the intake of this nutrient. Biochemical analy-
ses confirmed a vitamin B1 deficient status in 6.4% of the 
population [24]. Of the 204 participants in our study, 144 
(71%) had a daily vitamin B1 intake below 1.2 mg, 80 (39%) 
below 1.0 mg, and 27 (13%) below 0.8 mg (Table 4). Vita-
min B1 intake decreased with age (Rho –0.20, p<0.01) (Fig. 
1). No significant relationship emerged between vitamin B1 
intake and usual alcohol consumption, smoking, or educa-
tional level. Since the risk of dietary inadequacy faced by an 
individual increases as his intake moves from the mean of a 
nutrient intake distribution toward the lower part, those indi-
viduals whose vitamin B1 intake was below 0.8 mg could be 
considered at risk for long-latency disorders.  

TOTAL FOLATES 

 Folate (vitamin B9) is necessary for purine and 
pyrimidine synthesis, erythropoiesis, and methionine regen-
eration. Its deficiency is characterised by macrocytic anae-
mia. Folate is required for embryogenesis and folate supple-
mentation prevents neural tube defects. Moreover, low folate 
intake or low blood folate levels have been associated with 
an increased risk of coronary heart disease, stroke, colon and 
breast cancer. Firstly, folate, along with vitamin B6 and vi-
tamin B12, critically determines plasma homocysteine lev-
els. Secondly, folate is involved in DNA synthesis by regu-
lating methionine availability [6]. Folate DRI is 400 g/day, 
whereas folate PRI is 200 g/day. However, folate at 800 

g/day was necessary to minimise homocysteine levels. In 
our study sample, 181 of 204 subjects (89%) had an esti-
mated dietary intake of folate < 400 g/day, and 24 (12%) 
subjects had an intake < 200 g/day.  

 Research on the relationship between diet and cancer 
points to the protective effect of vegetable consumption 
rather than fruit intake. Life expectancy for Italian men con-
suming more than 60 g/day vegetables was greater than for 
those consuming less than 20 g/day [25]. Data from the 
Third National Health and Nutrition Examination Survey 
(based on 24-hour recalls and serum micronutrient levels) 
were used to investigate the relationship between salad and 
raw vegetables consumption and nutritional status. Salad 

Table 3. The medians of daily amount (vq, g/day) and daily frequency of consumption (vf) of food items mainly contributing to 

calcium and vitamin D intake. The content in micronutrient in the left column refers to the food indicated within brackets 

Food vq (g/day) vf (frequency) Calcium (g/100 g) 

Milk 160 1.0 120 

Cheese (parmigiano) 43 1.2 1340 

Yoghurt 8 0.1 150 

Food vq (g/day) vf (frequency) Vitamin D ( g/100 g) 

Fish (swordfish) 29 0.2 11.0 

Egg, chicken, whole 14 0.3 1.75 

Cakes (sponge cake) 28 0.3 2.61 

Veal 8 0.1 1.30 

Milk 160 1.0 0.03 
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consumers had more favourable intakes of folic acid, vita-
mins C and E, and carotenoids. Salad, salad dressing, and 
raw vegetable consumption were associated with a higher 
likelihood to meet the recommended nutrient intakes based 
on the DRIs and to have above average serum indicators of 
nutrient adequacy [26]. The median portion sizes and 
frequencies of consumption of vegetables in our sample were 
very small and did not change significantly with age, gender, 
cigarette smoking, or educational level. 

VITAMIN E 

 Vitamin E includes a family of tocopherol and to-
cotrienol isomers; its deficiency has been associated with 
infertility and delayed-onset ataxia in animals, and with neu-
ronal dysfunction in human subjects [27]. The prevention of 
hydrogen peroxide-induced haemolysis, assessed in vitro, is 
the surrogate marker of early vitamin E deficiency. Erythro-
cyte haemolysis was greater with serum vitamin E concen-

trations below 11 mol/L so that concentrations of 12-14 
mol/L were considered adequate. However, the amount of 

vitamin E necessary to reduce the risk of chronic diseases 
associated with oxidative stress remains to be established 
[28]. The Alpha-Toccopherol, Beta-Carotene Cancer Preven-
tion Study observed that men in the highest quintile of base-
line serum concentrations of alpha-tocopherol (30 mol/L) 
had significantly lower risks of total and cause-specific mor-
tality (including lung and prostate cancer, cardiovascular 
disease, and respiratory disease) than did men in the lowest 
quintile (21 mol/L). How much alpha-tocopherol has to be 
consumed to achieve that serum concentration can be esti-
mated using a dose-response design. In normolipidemic sub-
jects, serum alpha-tocophrol can be raised from 20 mol/L to 
33 mol/L by consuming 100 IU vitamin E supplements. 
Vitamin E food sources are nuts, seeds, olive oil and other 
vegetable oils. Even though olive oil is a popular dressing in 
Italy, the vitamin E recommended dietary allowance of 15 
mg/day was achieved only by 3 of 204 (1.5%) participants in 

Table 4. The medians of daily amount (vq, g/day) and daily frequency of consumption (vf) of food items contributing to the intake 

of thiamin (vitamin B1), folates (vitamin B9), and vitamin E. The content in micronutrient in the left column refers to the 

food indicated within brackets 

Food vq (g/day) vf (frequency) Vitamin B1 (mg/100 g) 

Processed meat (ham) 24 0.4 0.91 

Legumes (beans) 15 0.2 0.44 

Crispbread 3 0.3 0.29 

Potatoes 23 0.3 0.10 

Pasta 75 0.9 0.14 

Bread 155 3.0 0.08 

Fruit juice (orange) 18 0.1 0.05 

Food vq (g/day) vf (frequency) Folates ( g/100 g) 

Bread 155 3.0 29 

Pizza 28 0.1 52 

Leafy vegetables, cooked (spinach) 10 0.2 150 

Leafy vegetables, raw (lettuce)  14 0.6 64 

Ice cream 12 0.2 9 

Fruit juice (orange) 18 0.1 24 

Offals (heart-liver) 1 0.00 4-330 

Food vq (g/day) vf (frequency) Vitamin E (mg/100 g) 

Cakes (sponge cake) 28 0.3 2.83 

Fruit (apple) 208 1.7 0.59 

Olive oil 27 3.5 21.4 

Vegetable oils 0.2 0.1 27.4 

Mayonnaise  0.1 0.00 19.0 

Nuts and seeds  0.3 0.00 13.5 
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our study; 187 (92%) had intakes below 12 mg/day and 84 
(41%) below 7.5 mg/day. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Bivariate regression plot showing the negative relationship 

between age and estimated daily intake of vitamin B1 (thiamine). 

 

FACTORS AFFECTING MACRO AND MICRO-

NUTRIENT INTAKE IN ADULTS 

 In developed countries, macronutrient malnutrition usu-
ally includes excess intakes of total fat, saturated fat, and 
cholesterol and inadequate intake of fibre [29]. Dietary in-
take differences in the population can be explained by identi-
fiable characteristics such as gender, age, racial and ethnic 
identity, educational attainment, and income. Educational 
attainment plays a crucial role as determinant of health out-
comes by influencing health behaviours and choices; it raises 
technical and allocative efficiencies of input use. However, 
dietary differences among individuals are the outcomes of a 
complex interplay between individual, social and economic 
circumstances: 

• nutritional requirements (related to sociodemographic 
and anthropometric characteristics), 

• psychological factors (included psychosomatic and 
psychiatric disorders) [30], 

• desires for healthful living and healthful diets, 

• taste, preferences, and pleasure,  

• limited resources (income at disposal, food prices and 
prices of other consumption goods), 

• poor food storage and preservation, 

• time available for cooking and food preparation, and 
the ability to combine foods. 

 Micronutrients (essential trace elements and vitamins) 
have a central role in metabolism and in the maintenance of 
tissue function [31]. Although classic vitamin deficiency 
syndromes are uncommon in Western societies, some clini-
cal subgroups remain at risk (such as elderly and hospitalised 
patients, alcohol-dependent individuals). Moreover, sub-
clinical inadequate intake of several vitamins is now consid-
ered more common than previously believed and has been 
associated with chronic diseases [6]. Micronutrient nutri-

tional status is considered to be affected by a combination of 
increasing demand (acute infection, surgery, or trauma), re-
duced intake (anorexia, chronic alcohol misuse, parenteral 
nutrition), and/or increased losses (blood loss, diarrhoea, 
burn, dialysis) [31]. However, our findings in a sample of 
healthy and diabetic people suggests that macro and micro-
nutrient malnutrition is common and simply related to poor 
dietary habits rather than to intervening precipitating circum-
stances. Much more has to be done on the ground of public 
education although decreasing purchasing power (limited 
income) vs food prices in mounting progression are becom-
ing the principal restrains for Italian consumers, to a greater 
extent just for the specific groups at risk of malnutrition such 
as elderly pensioners. 

ABBREVIATIONS 

LTI =  Lowest Threshold Intake  

AR = Average Requirement  

PRI = Population Reference Intake 

RDA = Recommended Dietary Allowance 

SCF = Scientific Committee for Food 

DRI = Dietary References Intake 

EAR = Estimated Average Requirement 

UL = Tolerable Upper Intake Level 

AMDR = Acceptable Macronutrient Distribution Ranges 

DAFNE = Data Food Networking 

HBS = Household Budget Survey 

STOA  = Scientific and Technological Options Assess-
ment 

EPIC = European Prospective Investigation of Cancer 
and Nutrition 
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