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ABSTRACT The purpose of the study was to provide information on dietary intake in the InCHIANTI study
population, a representative sample (n � 1453) of persons living in two towns of Tuscany (Italy), including a large
number of old and very old individuals (79.5% �65 y old). We also investigated whether difficulties in nutrition-
related activities were associated with inadequate intake of selected nutrients. The percentage of persons with an
inadequate intake of nutrients according to Italian Recommended Nutrients Levels (LARN) was higher in the older
age groups. Older persons tended to adapt their diets in response to individual functional difficulties, often leading
to monotonous food consumption and, as a consequence, to inadequate nutrient intakes. Multiple logistic models
were used to evaluate whether inadequate intake of selected nutrients could be predicted by nutrition-related
difficulties. Reporting difficulties in three or more nutrition-related activities (chewing, self-feeding, shopping for
basic necessities, carrying a shopping bag, cooking a warm meal, using fingers to grasp or handle) significantly
increased the risk of inadequate intake of energy [odds ratio (OR) � 3.8, 95% CI � 1.9–7.8) and vitamin C (OR
� 2.2, 95% CI � 1.2–4.2, after adjustment for energy intake). More attention to functional problems in the elderly
population and the provision of formal or informal help to those who have difficulty in purchasing, processing and
eating food may reduce, at least in part, the percentage of older persons with poor nutrition. J. Nutr. 133:
2868–2873, 2003.
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Many epidemiologic studies suggest that inadequate nutri-
tion may strongly influence health status in both young and
older persons (1). A nutritionally adequate diet is considered
a critical component of a lifestyle aimed at promoting health-
ful and active aging (2,3).

Several reports have focused on the nutritional needs of
older persons (4,5), and it has been suggested that the Medi-
terranean diet has characteristics that are particularly suitable
for an elderly population (6,7). Although Italy is probably one
of the most typical Mediterranean countries, only a few studies
have systematically examined dietary habits in that country
(7–11), and even fewer have studied large and representative
samples of the older population. The epidemiologic studies
conducted on population-based samples have generally ne-
glected the oldest section of the population, which includes
those persons in whom nutritional problems frequently occur.

Given the above-mentioned limitations, very little infor-
mation is available on the quality, quantity and composition of
dietary intake in the older population, and even less is known
about risk factors for inadequate intake of nutrients in older
Italians. In the InCHIANTI study, we evaluated dietary intake
in a population-based sample, including a large number of old
and very old persons. Using data from the InCHIANTI study,
we estimated the daily intake of nutrients and food. Moreover,
in older persons, we evaluated whether functional problems
related to eating capacity are associated with inadequate in-
takes of nutrients.

SUBJECTS AND METHODS

InCHIANTI (Invecchiare in Chianti, aging in the Chianti area)
is an epidemiologic study aimed at understanding the risk factors
contributing to disability in late life. The study was performed in two
municipalities located in Tuscany, adjacent to the city of Florence:
Greve in Chianti and Bagno a Ripoli. The design and data collection
methods of InCHIANTI were described in detail elsewhere (12).

In brief, in August 1998, 1270 persons � 65 y old were randomly
selected from the population registries. In addition, men and women
were sampled randomly from the age strata 20–29, 30–39, 40–49,
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50–59 and 60–64 y and sequentially invited to participate in the
study until at least 30 men and 30 women for each decade between
20 and 59 y and 10 men and 10 women aged 60–64 y had been
enrolled. Additional subjects (n � 29) were randomly selected among
those who were �90 y old, to obtain a sample of 30 men and 30
women in this age group. Of the initial 1299 subjects, 39 were not
eligible because they had died or left the area. Overall, 1453 subjects
were recruited. The participation rate was 69.4% in those aged �65
y and 91.6% in those aged �65 y. Of these, 634 men (�65 y, n
� 142; � 65 y, n � 492) and 802 women (�65 y, n � 154; � 65 y,
n � 648) with an age range of 21–103 y, underwent a complete
dietary interview and were included in the final analytical sample.

Clinical visits and assessments were performed in the study clinic
and were preceded by an interview conducted at the participants’
homes. Trained interviewers administered two structured question-
naires. One collected data on dietary intakes and the other included
many questions on household composition, social networks, econom-
ical status, education, and general information on health and func-
tional status. Cognitive impairment was assessed by the Mini-Mental
State Examination (MMSE)3 (13). In persons with hearing or aphasic
problems and in those who scored �18 on the MMSE, the interview
was administered to a proxy. Overall, 77 interviews (5.2%) were
conducted with proxies.

Responses to questions concerning perceived difficulty in perform-
ing selected Activities of Daily Living (14), Instrumental Activities
of Daily Living (15), and the ability to chew food were used as
indicators of nutrition-related difficulties. Activities investigated in-
cluded the following: chewing food, self-feeding, shopping for basic
necessities, carrying a shopping bag, cooking a warm meal and using
fingers to grasp or handle. By combining responses to questions
concerning nutrition-related difficulties, subjects were classified into
three groups: no difficulties; 1–2 difficulties; �3 difficulties.

The InCHIANTI study protocol was approved by the INRCA
ethical committee. All subjects received an extensive description of
the purposes and known risks of the study procedures, and all gave
written informed consent.

Assessment of dietary intake. Nutritional data were collected
using the food-frequency questionnaire originally developed and val-
idated for the assessment of dietary intake in Italian volunteers
participating in the European Prospective Investigation into Cancer
and nutrition (EPIC) (16), a multicenter study conducted in 10
European Countries aimed at investigating the relationship between
diet and cancer (17,18).

The EPIC food-frequency questionnaire was administered by
trained interviewers and provides a detailed assessment of food con-
sumption during the previous year through a large number of struc-
tured and precoded questions. The EPIC questionnaire is organized
into two parts as follows: 1) questions focusing on general dietary
habits such as particular dietary regimens and frequency of meals
consumed away from home; and 2) 237 questions investigating the
frequency of consumption of specific food items or dishes during the
last year. To improve the precision of the assessment, participants are
also asked to specify the size of the portion usually consumed, in
comparison to a range of portions that are shown in colored photo-
graphs.

Responses to the EPIC questionnaires were automatically read by
an optical scanner. Software, specifically designed for the EPIC-Italy
questionnaire, transformed information about food consumption into
daily intake of food items, energy, and macro- and micronutrients.
Nutrient data for specific foods were obtained from the Food Com-
position Database for Epidemiological Studies in Italy (19). For the
purpose of this analysis, food items were further grouped into broader
categories to facilitate presentation.

Persons with inadequate intake of selected nutrients were identi-
fied according to the Italian Recommended Nutrients Levels
(LARN) (20) for specific age and sex groups.

Statistical analysis. Daily intake data are reported as means
� SD, according to sex and age group. Differences in energy and

selected macro- and micronutrient intakes among age groups were
evaluated by ANOVA, using a general linear model. The effects of
age and sex on inadequate intake of nutrients were tested by a general
linear model. Finally, multivariate logistic models were used to eval-
uate the association between difficulty in activities related to eating
behavior and inadequate intake of selected nutrients. To avoid mul-
ticollinearity, each variable with “1–2 difficulties” or “3 or more
difficulties” in nutrition-related activities was singularly entered in
separate models that included a fixed set of covariates, i.e., age
(continuous), sex, living alone (yes/no), education (� middle grade/
high school or higher), cognitive impairment (MMSE score �21/
�21), and self-perception of inadequate economic status (adequate/
inadequate). A further logistic model, designated “model 2,” was also
adjusted for energy intake. All analyses were performed using the
SAS statistical software, version 8.1 (21).

RESULTS

Reflecting the sex distribution of the general population,
the sample included more women than men, especially in the
older age groups. Older participants were more likely to be
widowed, to live alone and to have received little formal
education (Table 1). The number of overweight subjects,
defined as BMI between 25 and 30 kg/m2, was highest in the

3 Abbreviations used: EPIC, European Prospective Investigation into Cancer
and nutrition; LARN, Recommended Nutrients Levels; MMSE, Mini Mental State
Examination.

TABLE 1

General characteristics of the InCHIANTI study population

Age group �65 y 65–74 y 75–84 y �85 y

n 298 610 367 178

%

Sex
Men 48 47 40 35
Women 52 53 60 65

Marital status
Unmarried 28 6 8 10
Married 67 75 50 23
Widowed 1 17 42 67
Divorced/Separated 4 2 — —

Members in the household, n
1 5 13 29 19
2 26 50 39 23
�3 69 37 32 58

Cigarette smoking
Nonsmoker 70 86 90 98
Current smoker 30 14 10 2

BMI, kg/m2

�25 44 25 33 46
25–30 37 49 41 39
�30 19 26 26 15

Education
None 2 20 37 59
Elementary school 21 57 50 34
Middle school 29 10 5 2
High school 41 11 5 4
University 7 2 3 1

Cognitive impairment1 1 5 23 54
Difficulty chewing 6 28 37 55
Difficulty self-feeding 0 1 5 20
Difficulty shopping for basic

necessities 1 5 22 63
Difficulty carrying a shopping

bag 4 16 43 66
Difficulty cooking a warm meal 0 2 13 45
Difficulty using fingers to grasp

or handle 1 10 18 42

1 Cognitive impairment was defined according to Mini-Mental State
Examination score (MMSE) � 21.
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65- to 74-y-old age group (49%), whereas in the oldest age
group, 46% of subjects had a BMI � 25 kg/m2.

In both sexes, the daily intakes of energy and selected
nutrients were significantly lower in the older age groups
(Table 2). Differences among age groups in the percentages of
total energy provided by macronutrients were significant for
lipids in both sexes, and for protein in men and carbohydrates
in women.

To investigate which food sources could explain the ob-
served age-related differences in energy, macro- and micronu-
trient intakes, we examined the daily consumption of foods
and beverages, categorized into 17 groups (Table 3). Reflect-
ing daily energy intake, the consumption of most types of food
was lower in older persons. For instance, from the youngest
(�65 y) to the oldest group (85� y), the consumption of
cereal products (including pasta, rice and bread) differed by 88
and 39 g, in men and women, respectively. Interestingly, the
only foods for which intake did not differ or was even higher
in older persons were those that are easy to chew and that
require little cooking. In fact, consumption of soups and of

melba toast/crackers, easier to chew than the typical Tuscan
bread, was significantly higher in older persons of both sexes.
The consumption of eggs, fruit/fruit juice, milk/yogurt, tea and
biscuits did not differ among age groups of either sex.

We evaluated the percentage of subjects with inadequate
intakes of selected macro- and micronutrients. For most nu-
trients, the percentage of participants with an inadequate
intake was higher in the older age groups (Table 4). For
example, in the youngest and oldest age groups, the percentage
of subjects with poor protein intakes was 4 and 38% in men
and 6 and 29% in women, respectively. For vitamin C, intakes
in these age groups ranged from 4 to 26% in men and from 9
to 28% in women, respectively; for folate, the range of inad-
equate intakes was from 4 to 38% in men and from 11 to 52%
in women, respectively. The nutrient for which the greatest
proportion of men and women had an inadequate intake was
calcium; from 46 to 86% of men and 65 to 95% in women did
not consume sufficient calcium. The proportions of subjects
with inadequate intakes of all the nutrients selected were
significantly greater in the older age group and were lower in

TABLE 2

Daily energy and nutrient intakes by older men and women stratified by age group1

Age group �65 y 65–74 y 75–84 y �85 y P-value

Men

n (%) 142 (22) 283 (45) 149 (23) 60 (10)
Energy, kJ/d 11046 � 2766 9456 � 2418 8745 � 2230 7381 � 1841 0.00
Carbohydrates, g/d 335 � 98 291 � 85 272 � 87 233 � 60 0.00

% energy 47 48 49 50 0.17
Protein, g/d 99 � 27 85 � 21 80 � 19 71 � 19 0.00

% energy 15 15 16 16 0.00
Lipids, g/d 90 � 27 72 � 21 66 � 18 58 � 18 0.00

% energy 31 29 29 29 0.00
Alcohol, g/d 25 � 22 25 � 27 22 � 23 13 � 14 0.00

% energy 7 8 6 5 0.06
Calcium, mg/d 970 � 379 861 � 297 860 � 280 778 � 265 0.00
Iron, mg/d 16.2 � 4.0 15.0 � 3.9 13.7 � 3.4 11.5 � 3.3 0.00
Zinc, mg/d 14.2 � 4.0 11.8 � 3.1 11.0 � 2.9 9.8 � 3.1 0.00
Vitamin A,3 �g RE/d 1054 � 625 940 � 654 829 � 630 811 � 548 0.01
Vitamin E, mg/d 7.7 � 2.1 7.8 � 2.0 6.2 � 1.7 5.4 � 1.7 0.00
Vitamin C, mg/d 137 � 49 120 � 52 106 � 44 89 � 39 0.00
Folate, �g/d 323 � 87 289 � 77 260 � 74 228 � 68 0.00
Dietary fiber, g/d 22.1 � 5.6 21.9 � 6.0 20.5 � 5.5 17.2 � 5.1 0.00

Women

n (%) 154 (19) 324 (40) 211 (27) 113 (14)
Energy, kJ/d 8623 � 2506 7506 � 2113 6895 � 1795 6364 � 1711 0.00
Carbohydrates, g/d 260 � 85 231 � 75 221 � 64 205 � 62 0.00

% energy 47 48 50 50 0.00
Protein, g/d 81 � 22 73 � 20 66 � 18 61 � 16 0.00

% energy 16 16 16 16 0.30
Lipids, g/d 78 � 25 64 � 20 57 � 18 52 � 17 0.00

% energy 34 33 32 32 0.00
Alcohol, g/d 8.3 � 11.4 8.1 � 12.2 5.7 � 8.1 5.6 � 8.1 0.01

% energy 3 3 2 2 0.35
Calcium, mg/d 889 � 328 840 � 352 745 � 254 701 � 255 0.00
Iron, mg/d 12.9 � 3.5 11.7 � 3.1 10.5 � 2.7 9.6 � 2.5 0.00
Zinc, mg/d 11.4 � 3.5 10.0 � 3.0 9.0 � 2.6 8.4 � 2.4 0.00
Vitamin A,3 �g RE/d 1004 � 609 880 � 619 785 � 636 694 � 485 0.00
Vitamin E, mg/d 7.3 � 2.3 6.3 � 2.0 5.5 � 1.7 4.9 � 1.6 0.00
Vitamin C, mg/d 137 � 49 118 � 48 97 � 42 85 � 46 0.00
Folate, �g/d 323 � 87 258 � 77 224 � 68 200 � 74 0.00
Dietary Fiber, g/d 20.2 � 6.1 19.4 � 5.6 17.4 � 5.0 15.3 � 5.3 0.00

1 Values are means � SD or %.
2 P-values tested the difference in energy and nutrient intakes among age groups.
3 RE, retinol equivalent.
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men than women, with the only exceptions being protein and
vitamin C and these were related only to age.

Because the elderly population made different food choices,
we hypothesized that eating-related difficulties might explain,
at least in part, the inadequate intakes of nutrients. Interest-
ingly, having three or more difficulties in nutrition-related
activities was a significant predictor of inadequate intake of
energy [odds ratio (OR) � 3.8; 95% CI � 1.9–7.8) and
vitamin C (OR � 2.9; 95% CI � 1.6–5.4, not adjusted for
energy intake; OR � 2.2, 95% CI � 1.2–4.2, after adjustment
for energy intake] (Table 5). Considering each nutrition-
related difficulty separately in the multivariate logistic model,
each difficulty was a predictor of inadequate intake of energy.
For vitamin C, the strongest predictor (based on OR and 95%

CI) was “difficulty chewing,” followed by “difficulty carrying a
shopping bag” (data not shown).

DISCUSSION

The present study was conducted to provide information on
dietary intake in a population-based sample including a large
number of old and very old persons. In general, intake of
energy, nutrients and of the majority of food items was lower
in older compared with younger men and women. Among age
groups, the difference in relative contributions of macronutri-
ents to total energy intake was significant for lipids in both
sexes, and for protein in men and carbohydrates in women.
Interestingly, the mean daily intake of some foods was higher

TABLE 3

Daily food intakes of older men and women stratified by age group1

Age group �65 y 65–74 y 75–84 y �85 y P-value2

Men

n (%) 142 (22) 283 (45) 149 (23) 60 (10)

g

Pasta/rice/bread 269 � 106 245 � 98 228 � 96 181 � 74 0.00
Melba toasts/crackers 6 � 11 11 � 15 14 � 15 19 � 15 0.00
Soups 81 � 90 146 � 109 142 � 109 158 � 103 0.00
Vegetables/legumes 265 � 107 233 � 104 205 � 106 166 � 83 0.00
Fruit/fruit juice 290 � 141 323 � 174 310 � 151 276 � 125 0.67
Meat 147 � 62 120 � 46 110 � 47 106 � 49 0.00
Fish 31 � 23 27 � 18 25 � 19 20 � 12 0.00
Eggs 12 � 7 12 � 9 11 � 7 11 � 9 0.40
Milk/yogurt 115 � 155 102 � 113 120 � 105 147 � 161 0.31
Cheese 56 � 35 43 � 27 42 � 24 34 � 16 0.00
Oil/other fat 37 � 13 32 � 12 29 � 12 25 � 12 0.00
Cakes/sweets 110 � 55 64 � 45 58 � 42 57 � 39 0.00
Biscuits 13 � 20 10 � 16 12 � 16 15 � 20 0.64
Tea 30 � 74 28 � 76 35 � 65 35 � 51 0.57
Nonalcoholic drinks 140 � 98 104 � 87 105 � 136 78 � 61 0.00
Alcoholic drinks 267 � 252 245 � 257 204 � 208 122 � 131 0.00
Sauces/flavorings 50 � 37 18 � 34 36 � 32* 18 � 14 0.00

Women

n (%) 154 (19) 324 (40) 211 (27) 113 (14)

g

Pasta/rice/bread 184 � 82 179 � 79 171 � 73 145 � 61 0.00
Melba toasts/crackers 9 � 14 12 � 13 13 � 14 15 � 19 0.02
Soups 72 � 75 105 � 100 113 � 103 110 � 81 0.00
Vegetables/legumes 263 � 121 224 � 106 172 � 87 143 � 85 0.00
Fruit/fruit juice 296 � 164 315 � 144 284 � 130 259 � 137 0.19
Meat 116 � 55 101 � 39 94 � 40 89 � 36 0.00
Fish 30 � 19 25 � 18 19 � 15 17 � 13 0.00
Eggs 13 � 10 11 � 8 11 � 8 11 � 10 0.05
Milk/yogurt 136 � 95 150 � 180 134 � 116 138 � 107 0.75
Cheese 51 � 29 43 � 25 37 � 23 33 � 20 0.00
Oil/other fat 33 � 14 28 � 12 24 � 11 20 � 10 0.00
Cakes/sweets 94 � 55 63 � 56 61 � 45 67 � 47 0.00
Biscuits 14 � 17 11 � 15 13 � 17 18 � 26 0.68
Tea 32 � 64 25 � 53 30 � 53 36 � 56 0.88
Nonalcoholic drinks 116 � 85 96 � 83 79 � 54 67 � 50 0.00
Alcoholic drinks 86 � 109 121 � 94 56 � 86 54 � 81 0.00
Sauces/flavorings 27 � 25 21 � 22 19 � 19 14 � 15 0.00

1 Data are reported as means � SD.
2 P-values tested differences in food consumption among age groups.
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(soups, melba toast/crackers) or did not differ (eggs, fruit/fruit
juice, milk/yogurt, tea, biscuits) among age groups. Because
these types of food are particularly easy to prepare, cook,
preserve and chew, we hypothesized that a reduced functional
capacity might have a large influence on food choice and, as a
consequence, on nutrient intake in old age. The difference
could not be attributed to seasonal variations in diet because
the age distribution of persons interviewed did not differ across
seasons. In fact, the percentage of persons with inadequate
nutrient intake was very high in the elderly, particularly for
calcium, vitamin A and folate in both sexes and for zinc in
men and iron in women. Having three or more nutrition-
related difficulties was a significant predictor of inadequate
intake of energy and of most nutrients. Even after adjustment
for energy intake, the relationship between inadequate intake
of vitamin C and disability remained significant (Table 5).

As in this study, several studies have suggested that the
effect of age on dietary habits may be attributable to functional
impairments (8,22,23) and chewing problems (24,25). These
factors may lead elderly persons to have a monotonous and
energy-restricted diet, which easily results in an inadequate
intake of nutrients. Our findings suggest that the older popu-

lation may be at high risk of malnutrition, and that it is
important to assess capacities related to eating behavior to
prevent nutritional problems in older persons. Thus, adequate
family or social supports to purchase, prepare and cook food
may help to maintain a varied and balanced diet (23,26).

It is important to point out that there are substantial
differences between Italian and American recommendations
for adequate intake of specific nutrients. In particular, the
adequate intakes for vitamin E and folate (15 mg/d and 400
�g/d, respectively) according to U.S. recommendations are
twice as high as the Italian LARN (8 mg/d and 200 �g/d,
respectively). By using the U.S. guidelines, most of the
InCHIANTI participants would have been defined as having
an inadequate intake of both vitamin E and folate (90–100%).
In Italy, the recommended levels of vitamin E were estimated
using a tocopherol equivalent-PUFA ratio of 0.4. Because the
InCHIANTI study population reported low PUFA consump-
tion, the tocopherol equivalent-PUFA ratio was quite high
(from a mean of 1.36 in older women to 2.29 in the youngest
men), leading to a lower requirement for vitamin E. Under
these circumstances, we used the lower bound of the adequate
intake as the reference (4 mg/d in men and 3 mg/d in women).

A critical issue that must be addressed is that in the current
version of LARN, all women � 50 y old and men � 60 y old
are grouped in the same “geriatric” category. In the most
recent editions of the U.S. Recommended Dietary Allow-
ances, subjects � 50 y old are further subdivided (50–70 y and
�70 y) in both sexes, but the recommended intakes do not
vary, except for vitamin D (27).

Despite an evident decrease in energy intakes, vitamin and
mineral needs seem to remain stable, suggesting that an in-
crease in nutrient density in the older population would be
required, a result quite difficult to achieve. With the aging of
the Western world populations, an extremely important ques-
tion to be addressed is whether nutrient requirements remain
constant with age or do indeed differ for old and very old
subjects.

Because there are few epidemiologic studies of sufficient size
that have assessed nutrition in the elderly population, ade-

TABLE 4

Recommended levels of nutrients in Italy (LARN) and the
percentages of older men and women with

inadequate intakes1

Age group

LARN2 Men

�60 y �60 y �65 y 65–74 y 75–84 y �85

n 142 283 149 60

%

Protein, g 62 62 4 12 14 38
Calcium, mg 800 1000 46 72 71 86
Iron, mg 10 10 2 8 13 34
Zinc, mg 10 10 11 30 38 57
Vitamin A, �g 700 700 32 47 56 56
Vitamin E, mg 4 43 1 4 9 18
Vitamin C, mg 60 60 4 7 15 26
Folate, �g 200 200 4 13 21 38

LARN2 Women

�50 y �50 y �65 y 65–74 y 75–84 y �85

n 154 324 211 113

%

Protein, g 53 53 6 14 22 29
Calcium, mg 800 1200 65 90 95 95
Iron, mg 18 10 62 31 47 56
Zinc, mg 7 7 6 15 21 23
Vitamin A, �g 600 600 23 40 53 54
Vitamin E, mg 3 33 1 2 5 12
Vitamin C, mg 60 60 9 6 17 28
Folate, �g 200 200 11 24 38 52

1 Percentage of persons having an inadequate intake of nutrients is
obtained using age-specific requirements.

2 Italian Recommended Nutrients Levels (20). Cut-off value for each
selected nutrient is reported. For subjects up to age 29 y, the recom-
mended intake of calcium is 1000 mg in both sexes.

3 For Vitamin E, we considered the lower bound of the adequate
intake. TABLE 5

Odds ratios (95% CI) of inadequate nutrient intakes, as
predicted by self-reported difficulties in performing

eating-related activities, in persons �65 y old1

1–2 Difficulties2 3� Difficulties

Model 1 3 Model 24 Model 13 Model 24

Energy 1.5 (0.9–2.4) — 3.8 (1.9–7.8) —
Protein 1.4 (0.9–2.0) 1.1 (0.7–1.9) 2.6 (1.5–4.4) 1.3 (0.6–2.9)
Iron 1.3 (0.9–1.8) 1.1 (0.6–1.8) 2.2 (1.3–3.7) 1.2 (0.5–2.7)
Vitamin A 1.0 (0.7–1.3) 0.9 (0.7–1.3) 0.8 (0.5–1.2) 0.6 (0.4–1.1)
Vitamin E 1.5 (0.7–3.0) 1.2 (0.5–2.5) 3.5 (1.4–8.2) 1.5 (0.6–3.9)
Vitamin C 1.6 (1.0–2.6) 1.5 (1.0–2.5) 2.9 (1.6–5.4) 2.2 (1.2–4.2)
Folate 1.2 (0.9–1.7) 1.1 (0.7–1.6) 2.5 (1.5–4.0) 1.8 (1.0–3.1)

1 Odds ratios of inadequate intake as predicted by having 1–2 or �3
nutrition-related difficulties were calculated from logistic regression
analysis.

2 Difficulties relate to nutrition-related activities (chewing food, self-
feeding, shopping for basic necessities, carrying a shopping bag, cook-
ing a warm meal, using fingers to grasp or handle).

3 Odds ratios adjusted for age, sex, living alone, education, eco-
nomic status and cognitive impairment.

4 Odds ratios adjusted for the same covariates entered in Model 1
and also for energy intake.
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quate information is not available to support specific recom-
mendations on nutrient intakes in subgroups of older persons.
It seems unlikely that nutritional requirements extrapolated
from younger “healthy” populations can be applied directly to
the elderly.

An important limitation related to the cross-sectional na-
ture of the present study should be taken into account in
interpreting data on dietary intake across the age spectrum.
Our data appear to suggest that intakes of energy and nutrients
decline with aging; however, we cannot rule out the existence
of a cohort effect. Thus, our results must be investigated
further in longitudinal studies.

In conclusion, our investigation confirms findings of previ-
ous studies (28,29) by indicating that total energy intake as
well as intakes of macro- and selected micronutrients tend to
be lower in the older age groups, in both sexes. Similarly, the
percentage of persons with a low intake of nutrients compared
with recommended levels was higher in older age groups.
Older people chose different foods, suggesting that older per-
sons tend to adapt their diet to the functional difficulties that
often occur during the aging process. In fact, we found that
having three or more eating-related difficulties was a signifi-
cant predictor of inadequate intake of energy and most of the
selected nutrients. After adjustment for energy, the relation-
ship with vitamin C remained significant. This result suggests
that older persons who have nutrition-related difficulties tend
to consume a monotonous diet, reducing the consumption of
fresh food, such as fruit and vegetables. Dieticians could im-
prove diets in the elderly by suggesting meals that satisfy their
altered food attitudes, including foods that are easy to pur-
chase, prepare and chew, thus ensuring adequate intake of all
macro- and micronutrients. Finally, more attention to func-
tional problems in the growing elderly population and provi-
sion of formal or informal help for those who have difficulty in
purchasing, processing and eating food may reduce, at least in
part, the percentage of older persons with poor nutrition.
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