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STELLINGEN 

1. Oudere Europeanen die tijdens de zomermaanden blootstelling aan zonlicht 

schuwen, hebben een verhoogd risico op vitamine D deficientie tijdens de 

wintermaanden. 

Dit proefschrift. 

2. Ouderen met een lage energie-inneming ('kleine eters') compenseren dit niet 

door het kiezen van voedingsmiddelen met een hoge micronutrienten-

dichtheid en hebben derhalve een hoger risico op micronutrienten-

deficienties dan ouderen met een hoge energie-inneming. 

Dit proefschrift. 

3. Anders dan voor vitamine D is er geen enkele aanleiding het gebruik van 

supplementen met wateroplosbare vitamines aan te bevelen voor de gehele 

populatie ouderen. 

Dit proefschrift. 

4 . Een belangrijke reden van een inadequate nutrientenvoorziening in 

verpleeghuizen is een onvoldoende spreiding van de maaltijden over de dag. 

5. Het creeren van een entourage die uitnodigt tot meer eten zal de 

voedingstoestand van ouderen in verpleeghuizen verbeteren. 

6. In de Nederlandse situatie is de term welvaartsziekten in tegenspraak met 

de bevinding dat kanker en hart- en vaatziekten meer voorkomen bij 

personen met een lagere sociaal economische status. 

7. De aanbeveling in het advies "Richtlijnen goede voeding" van de 

Voedingsraad om maximaal 10 procent van de energie als verzadigd vet te 

consumeren is binnen het Nederlandse voedingspatroon niet realistisch. 

8. Ervaring in het verzamelen van onderzoeksgegevens is een vereiste om de 

praktische haalbaarheid van onderzoeksvoorstellen te kunnen beoordelen. 



9. Gebruik van net woord 'gezond' in de benaming 'broodje gezond' is 

misleidend. 

10. Vele handen maken licht werk geldt uitsluitend indien alle neuzen in 

dezelfde richting wijzen. 

11 . Bij de werving van studenten voor de Landbouwuniversiteit Wageningen 

zou meer nadruk gelegd moeten worden op de unieke wijze waarop 

ontwikkelingen ten aanzien van produktie en consumptie van voedsel, 

alsmede de effecten hiervan op de gezondheid worden geTntegreerd binnen 

een wetenschappelijke organisatie. 

12. 'Time waits for no one, and it won't wait for me'. 

The Rolling Stones (Jagger M, Richards K), 1974. 

Stellingen behorend bij het proefschrift 

Vitamin intake and status in elderly Europeans 

Reggy P.J. van der Wielen 

Wageningen, 5 September 1995 
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Abstract 

Vitamin intake and status in elderly Europeans 

PhD thesis by Reggy P.J. van der Wielen, Department of Human Nutrition, 

Wageningen Agricultural University, Wageningen, the Netherlands. 

September 5, 1995. 

Ageing is associated with a decrease in food intake, which may lead to concurrent 

nutrient inadequacies and consequently enhance health deterioration. This thesis 

describes the adequacy of dietary intake and biochemical status of selected water-

soluble vitamins and vitamin D in groups of elderly people. 

Using a modified dietary history method, a comparison study in groups of 

Dutch elderly people with different levels of physical fitness showed that, although 

the groups had similar dietary patterns, the inactive group (nursing home residents) 

had a significantly lower energy intake than the very active elderly people. In 

addition, about half of the inactives had dietary intakes below the mean minimum 

requirement for at least one of the vitamins thiamin, riboflavin, vitamin B6 or 

vitamin C, whereas the actives had virtually no dietary inadequacies. 

Results of the SENECA study (a Survey in Europe on Nutrition and the 

Elderly, a Concerted Action) showed that in about 2600 apparently healthy elderly, 

aged 70-75 years, a high prevalence of biochemical deficiency was present for the 

vitamins B6 ( 22% of both males and females) and D (36% of the males and 4 7 % 

of the females). For vitamin B6 this was mainly due to low intakes of this vitamin. 

For vitamin D, surprisingly, lowest mean (winter-time) levels were found in 

southern European study sites. Low levels could partly be explained by avoidance 

of sunlight exposure and inability to perform activities of daily living. 

In nursing home residents with a poor nutritional status, dietary enrichment 

with a physiological dose (25% of the recommendations) of water-soluble vitamins 

for 12 weeks, significantly improved the status of the vitamins B1f B6 and C. 

In conclusion, the main reason for an inadequate dietary intake of water-

soluble vitamins is a reduced energy intake. Stimulation of physical activity in 

elderly people and/or consumption of nutrient dense products, may help to ensure 

dietary adequacy of water-soluble vitamins. In winter, vitamin D fortification seems 

to be necessary in elderly people who are less mobile and/or who avoid exposure 

to sunlight. 
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Chapter 1 

The population of elderly people, here defined as people aged 65 years and older, 

is growing in westernized societies, both in absolute terms and as a proportion of 

the total population. In the Netherlands, for example, in 1994 about 1.16 million 

people (7.6%) were aged 65-74 years and about 848 thousand (5.5%) were aged 

75 years or more.1 In 1980 these figures were 984 thousand (7.0%) and 631 

thousand (4.5%) respectively.2 It is estimated that in the year 2010 about 2.5 

million (14.7%) people will be aged 65 years and older.1 

Ageing has been defined as 'a process that converts healthy individuals into 

frail ones, wi th diminished reserves in most physiological systems and an 

exponentially increasing vulnerability to most diseases and to death'.3 Thus, a 

growing population of elderly people inevitably leads to an increased demand for 

health care for this human population segment. 

One of the factors essential to keep a good health status is to maintain an 

adequate nutritional status. Furthermore, an inadequate nutritional status may 

accelerate already existing health problems. Food (and therefore energy) intake 

reduces in the process of ageing.4,5 Possible underlying causes for this reduction 

may be health problems (reduction in physiological functions, acute and chronic 

disease, institutionalization, absorption problems due to atrophic gastritis or use of 

medication),69 a decline in the senses of smell and taste,10,11 social isolation (loss 

of partner, mobility problems), problems to budget food and chewing problems.12,13 

Also dietary energy need may be reduced by several age-related changes like 

reduced physical activity (living a more sedentary lifestyle, reduced capacity to 

perform activities of daily living),4,8,14,15 and a decrease in resting metabolic rate as 

a result of a decreased lean body mass.16"18 

Since reduced food intake may lead to an inadequate intake of 

micronutrients, the dietary pattern still should be balanced and nutrient densities 

of the foods eaten should be high enough to meet the dietary needs. Especially 

body stores of water-soluble vitamins are relatively low, and if the daily needs for 

these vitamins are not covered, the risk of biochemical vitamin deficiency is 

substantial.19 For fat-soluble vitamins the body stores are higher. However, for 

these vitamins the body is also dependent on dietary availability at the longer term. 

For vitamin D, which main source is its formation in the human skin under the 

influence of sunlight exposure, the dietary needs may even increase in elderly 

people since the capacity of the skin to produce this vitamin decreases with 

ageing.20 

12 



General introduction 

Keeping a good health and nutritional status for as long as possible during 

the process of ageing, will contribute to the quality of life and will temper the rising 

costs of health care for the elderly. Therefore, it is important to evaluate the 

adequacy of the diet and nutritional status of elderly people, in order to come with 

advices to change dietary habits where needed. 

The aim of this thesis is to expand the available knowledge of the nutritional 

situation of elderly people, wi th emphasis on selected water-soluble vitamins and 

vitamin D, and to come with recommendations of how the nutritional status of 

vulnerable groups from a nutritional point of view may be improved. The adequacy 

of dietary intake and biochemical status of these vitamins in elderly people, and 

associations of dietary intake, life-style characteristics, and indicators of physical 

condition with vitamin status are evaluated. Some aspects need to be taken into 

consideration first, i.e. the heterogeneity of the group of elderly people as a whole 

and the standardization of the used methodology in order to be able to make 

comparisons between results of different studies. 

Heterogeneity of the elderly population 

Since each individual is to a different extent exposed to several aspects of ageing 

and has a different genetic predisposition to the ageing process, the pace of the 

ageing process will differ from person to person. This makes the elderly population 

very diverse, and therefore it is hard to judge the nutritional status of elderly people 

in general. One possibility to partly overcome this problem is to classify elderly 

people in strata of chronological age, and to assess dietary intakes and status per 

stratum. However, using this chronological age approach alone is a poor selection 

criterion since it does not take into account the increase in physiologic 

heterogeneity of the population with increasing age.8 Therefore, Rowe and Kahn21 

suggested that it may be better to differentiate between usual ageing (associated 

with a variety of chronic medical conditions and disabilities) and successful ageing 

(little or no loss in physiological functioning with age) when studying factors that 

determine functional changes with advancing age. According to Harris and 

Feldman,22 a third category of high risk or accelerated ageing, which refers to 

elderly people who carry the heaviest burden of chronic disease and disability, 

should be added. 

13 



Chapter 1 

Examples of different categories of ageing, within the same age stratum 

could be for example: elderly people who are still undertaking regular sport activity 

(successfully aged), elderly people who live a more sedentary life but who are still 

able to perform activities of daily living without much difficulty (normally aged), 

and residents of institutions for chronical care and rehabilitation of somatic and/or 

psycho-geriatric disabled elderly (accelerated aged). To give an impression of the 

size of the latter category in the Netherlands, at the beginning of 1994, about 

3 .5% of the people aged 65-84 years and about 3 3 % of those aged 85 years and 

older were living in retirement homes. Furthermore, about 3% of the people aged 

65 years and older were living in nursing homes in the Netherlands.1 This means 

that about 9% (180 thousand persons) of the people aged 65 years and older are 

institutionalized. Hospitalized elderly people are not included in this percentage. 

Comparability of results 

Even when study results of similar 'categories of ageing' are described, comparison 

of dietary or biochemical data from different studies is often hampered by 

differences in methodology, or by differences in used reference values for 

inadequacy or deficiency. 

Dietary assessment. 

There is not one standard dietary assessment method. The dietary history, 24-hour 

recall, (weighed) record for several days and the food frequency questionnaire are 

the four basic methods used to estimate dietary intake.23 Each method has its own 

advantages and disadvantages, and the choice of the method depends on the 

design and purpose of the study, and on the target population. To judge the 

adequacy of the diet, most countries have their own Recommended Dietary 

Allowances (RDA) to compare the nutrient intakes w i th . 2 4 2 6 These 

recommendations are established by expert committees, who interpret the 

scientific knowledge to date and integrate and reflect the results to age specific 

dietary needs. This means that in different studies, the judgement of dietary 

adequacy can be based on different cut-off limits. In Chapter 2 these differences 

in dietary assessment techniques and allowances are discussed in more detail. 

14 



General introduction 

Biochemical analysis techniques. 

Vitamin status can be measured as the concentration of the vitamin itself or its 

active component in metabolism (in whole blood, plasma, serum, cells, biopsies), 

as excretion determination in urine, or as enzyme activity measurements.27,28 One 

of the problems with the latter method is that fresh blood is needed, which is 

sometimes not achievable in an epidemiological study setting. Reference values 

(cut-off values for biochemical deficiency) are often based on the 2.5 percentile of 

the distribution in a healthy adult population, with the assumption that there are 

no age-specific differences in adequate nutritional status. People who fall outside 

the range of adequacy are considered to be at risk for nutrient deficiency. 

Functional capacity problems or clinical signs are more defined outcomes of serious 

deficiency. When biochemical data are presented in this thesis, reference values 

are described for each parameter. 

Studies included in this thesis 

Results of three different studies were compared in this thesis in order to (a) 

describe the nutritional situation of elderly people, (b) to be able to characterize 

vulnerable groups with respect to nutrient inadequacies, and (c) to come with 

recommendations to improve the nutritional situation of these vulnerable groups 

where needed. In each study the same modified dietary history was used to assess 

dietary intake and adequacy of the different categories of ageing.29 

'Normal agers'. 

In 1988, a European multicentre study was initiated, called the SENECA study (a 

Survey in Europe on Nutrition and the Elderly: a Concerted Action).30 The study 

was designed to explore cross-cultural differences in dietary patterns of elderly 

people, living in different countries of the European Community, and to study 

associations with lifestyle factors affecting health and performance. For this 

purpose, 2586 elderly subjects, born between 1913 and 1918 were studied in 19 

towns in 12 European countries between October 1988 and March 1989. 

Although subjects were not selected as people from a specific category of ageing, 

non-responders analysis showed that the participants were in general apparently 

healthy free living individuals31. Selecting elderly people aged 7 0 - 7 5 years enabled 

15 



Chapter 1 

the research group to examine the nutrition and health status before the period of 

rapid health deterioration and increased mortality. A strictly standardized modified 

dietary history method was used in all study towns to assess intake of foods and 

nutrients.29 Dietary intake of nutrients was calculated using the country specific 

nutrient composition tables.32,33 Furthermore, a fasting blood sample was drawn 

and biochemical analyses took place in central laboratories.34 With the exception 

of the vitamin D status, descriptive results of the baseline measurements are 

described in a supplement of the European Journal of Clinical Nutrition.35 In the 

spring of 1993 a follow up study was carried out in a subsample of the SENECA 

study. 

'Successful agers'. 

In July 1993, a study on physical activity, exercise capacity and health was carried 

out in elderly participants in the annual four days long distance march in Nijmegen. 

The SENECA protocol (including the same modified dietary history method) was 

used as part of this study. In total 32 females and 34 males, aged 70 years and 

older, who were able to walk 30 or 40 kilometres on four consecutive days 

participated in the food consumption part of the study. In this thesis only results 

of the dietary assessment are described. The other results of this '4-day marches' 

group will be published elsewhere.36 

'Accelerated agers'. 

Between October 1992 and December 1993, 10 males and 11 females who 

admitted institutions for chronical care and rehabilitation of somatic disabled elderly 

(here referred to as a nursing home), participated in a study to examine the 

nutritional situation in the month previous to institutionalization. Furthermore, the 

effect of 12 weeks supplementation with a physiological dose of water-soluble 

vitamins on the nutritional status was studied in 40 females who already lived in 

a nursing home for at least three months. In this study, the SENECA modified 

dietary history was also used. The biochemical analyses were performed at other 

laboratories than in the SENECA study. 

16 



General introduction 

Outline of the thesis 

In this thesis, the adequacy of the diet in representants of the different categories 

of ageing is studied, with emphasis on selected water-soluble vitamins and vitamin 

D. In Chapter 2, an overview is presented of studies published between 1980 and 

1993, which have assessed dietary intakes of the vitamins thiamin, riboflavin, B6, 

folic acid, B12 and C, in both free-living and institutionalized elderly people living a 

Western lifestyle. In Chapter 3, differences in dietary intakes of energy and the 

vitamins thiamin, riboflavin, B6, and C, between the above described studies are 

reported. Since one of the results of the SENECA baseline study was a high and 

widespread prevalence (23%) of biochemical vitamin B6 deficiency,34 an in depth 

analysis was conducted to examine combined associations of vitamin B6 status 

with dietary vitamin B6 intake, other dietary factors, indicators of physical condition 

and lifestyle factors in the SENECA population, as reported in Chapter 4. In 

Chapter 5 the geographical distribution of vitamin D status in the SENECA study 

is described. Chapter 6 describes the effect of 12 weeks supplementation with 

fruit juice, enriched with a physiological dose of water-soluble vitamins, on the 

nutritional status of female nursing home residents. This category of elderly people 

was chosen for the intervention because it was expected that the nutritional status 

of these people would be inadequate. Finally, in Chapter 7 the results are 

summarized, methodological problems are discussed, general conclusions are 

drawn and implications for health policy are discussed. 
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CHAPTER 2 

Dietary intake of water-soluble vitamins in elderly people living 
in a Western society (1980 - 1993) 

Van der Wielen RPJ, de Groot CPGM, van Staveren WA. 

Nutrition Research 1994; 14:605-638. 
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Chapter 2 _ 

ABSTRACT 

In this article dietary intakes of the water-soluble vitamins thiamin, riboflavin, B6, 

folate, B12 and C in both free-living and institutionalized elderly persons living a 

Western lifestyle are reviewed. In total 37 studies on elderly people (aged 60 years 

and over) which were published between 1980 and 1993 are discussed with a 

view to the dietary assessment methods used, dietary recommendations and blood 

biochemistry. Dietary intakes of thiamin, riboflavin and vitamin B12 in general are 

found to be adequate. Vitamin B6 intake was found to be most frequently below 

the recommendations. A substantial proportion of the elderly had dietary folate 

intakes below two-thirds of the country specific recommendations in several 

studies. Vitamin C intakes seem to be adequate in free-living elderly but tend to be 

low in institutionalized elderly. The use of water-soluble vitamin supplements is not 

recommended for elderly people in general. More data are needed on optimal as 

well as safe levels of intake to allow for specific advice with respect to supplement 

use of vulnerable groups of elderly people. 
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INTRODUCTION 

Together with the increase in the proportion of elderly people in Western Societies, 

interest in the nutrition and health of this age group is growing. Elderly people are 

considered a vulnerable group with respect to nutritional risks for multiple reasons 

such as reduced intakes of foods, disturbances in digestion, drug-nutrient 

interactions, and chronic disease. As food intake declines with advancing age, the 

dietary pattern of older people should be well balanced to meet the dietary needs 

of macro- as well as micro-nutrients. Malnutrition might worsen patho-physiological 

processes of ageing, and as a result of that reduce the quality of life. Since body 

stores of water-soluble vitamins are rather low, covering the daily dietary needs of 

these vitamins is very important. 

The aim of this paper is to review the dietary intakes of the water-soluble 

vitamins thiamin, riboflavin, B6, folate, B12 and C in both free-living and 

institutionalized elderly persons, living a Western lifestyle in different continents of 

the world. The adequacy of the diet to fulfil the needs for these vitamins will be 

discussed in view of the dietary assessment methods used, dietary 

recommendations and blood biochemistry. Dietary intakes of the other water-

soluble vitamins (niacin, biotin, pantothenic acid) are not discussed in this review. 

The dietary needs for niacin are normally met in part by the conversion of dietary 

tryptophan to niacin.1 Dietary intakes and biochemical deficiencies of biotin and 

pantothenic acid are hardly ever reported. 

SELECTION OF THE LITERATURE 

Studies of elderly (aged 60 years and over) which were published in international 

journals between 1980 and 1993, and in which vitamin intake from the diet is 

given for males and females separately, were selected for this review. Subgroups 

with less than 25 subjects have been excluded. Food consumption of elderly 

people studied and reported before 1980, have been discussed in other reviews.2"4 

In total, 32 studies are described in which free-living elderly subjects are 
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involved.5"36 Four of these studies also include institutionalized elderly.7,19,21,31 In 

another five studies dietary intakes of institutionalized elderly only are 

presented.37"41 

CHARACTERISTICS OF THE REPORTED STUDIES 

To make a meaningful comparison of the results reported and for the evaluation of 

the adequacy of the dietary intake data, it is necessary to consider some study 

characteristics. Firstly the characteristics of the populations under study, secondly 

the validity of the dietary assessment methods, thirdly the background of the 

recommended intakes and fourthly the relation with blood biochemistry. Therefore 

these issues will be discussed first. 

Characteristics of the populations 

Table 1 describes the study characteristics with respect to sampling frame, 

population size, response rate, age and method of dietary assessment. Three 

studies consisted of a nationwide random sample of free-living elderly people.18,24,30 

The other studies in free-living elderly (n = 29) have been carried out at restricted 

study sites, using different selection criteria. Within these particular sampling 

frames, thirteen of these studies involved a random study sample. Studies 

conducted in institutionalized elderly people have not been very clear in reporting 

selection criteria. 

Twenty-one of the presented studies in free-living elderly, and all except one 

of the studies in institutionalized elderly present the dietary intake results for an 

age range of at least twenty years. In fact the majority of studies did not present 

the results for separate age groups and therefore cover an age range of between 

five and about forty years. The maximum age range is about half a lifespan. 
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Table 1 . Studies which reported dietary intakes of water-soluble vitamins in elderly people, living 
a Western lifestyle. 

Authors Reference Sampling frame n Response Age Dietary 

males females (%) method 

Free-living elderly: 

Baghurst and (5) randomly selected (from electoral roll) elderly residents of 195 136 82 65-75 S 
Record, 1987 Adelaide, Australia 

Bianohetti et al., (6) all elderly inhabitants of a restricted area in the center of 386 815 92 70-75 H 
1990 Brescia, Italy 

Boston Nutritional (7) healthy elderly (recruited by local media and 100 158 nd 60-69 R3 
Status Survey, presentations),'Boston Nutritional Status Survey', USA 97 177 70-79 
1992 42 117 80 + 

Contaldo et al., (8) healthy elderly, selected from a random group, Naples, 70 66 nd 65-69 D 
1986 Italy 

Fidanza et al., (9) pensioners in Perugia (not random), 5 t h year follow-up, 41 54 nd 65-70 D 
1984 Italy 60 52 7 0 + 

Fidanza et a l . , (10) pensioners in Perugia (not random), 1 1 t h year follow-up, 46 47 nd mean D 
1991 Italy 76.8 & 

75.8 

Garry et al., 1982 (11) healthy elderly (not random),'New Mexico longitudinal 125 145 nd 6 0 + R3 
study of nutrition and aging, Albuquerque, USA 

Gray et al., 1983 (12) residents of retirement community (random selection of a 19 32 82 58-95 D 
cohort of 11,500 subjects), Southern California, USA 

Herbeth et al., (13) subsample of a survey on a self sufficient urban 139 152 20 60-82 R7 
1989 population, France 

Horwath, 1989 (14) randomly selected (State electoral rolls) group of elderly, 919 1102 77 6 5 + S 
Adelaide, Australia 

Horwath et al., (15) all free-living elderly (registered w i th health center), 255 457 85 7 0 + S 
1992 Mosgiel, New Zealand 

Koehler et al., (16) healthy participants in New Mexico Aging Process Study 97 122 nd 6 0 + R3 
1992 (follow up Garry et al.), USA 

Kohrs et al., 1980 (17) people in participation areas of congregate hot-meal 31 76 (0 ) 60 59-99 D 
programs (part, groups: 0, 1 , or 2-5 times/week) in 68 143(1 ) 
Missouri, USA 46 81 (2-5) 

Lowik et al., 1989 (18) nationwide random sample (municipal registers) of 269 269 53 65-79 D 
apparently healthy elderly, The Netherlands 

Lowik et al., 1992 (19) free-living elderly women (respondents to newspaper - 52 nd 74 ± 6 D 
announcement), control group nursing home study, 
Amsterdam, The Netherlands 

- continued -
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Authors Reference Sampling frame n Response Age Dietary 

males females (%) method8 

Manore et al., (20) free-living low-income elderly people (not random), 
1989 Phoenix, USA 

Marazzi et al., 
1990 

(21) free-living elderly (not random), Rome, Italy 

Mensink and Arab, (22) randomly selected (resident registration lists), categorized 
1989 as active and less active, 3 cities, Germany 

Millen Posner et (23) 
al., 1987 

NHANESM, 1983 (24) 

Nordstrom et al., (25) 
1988 

O'Hanlon et al., (26) 
1983 

Payette and Gray- (27) 
Donald, 1991 

Porrini et al., 1987 (28) 

Rasanen et al., (29) 
1992 

Ryan et al., 1992 (30) 

Scaccini et al., 
1992 

SENECA 
investigators, 
1991 

(31) 

(32) 

homebound elderly with home medical care (randomly 
selected from care listings), Boston, USA 

nationwide random sample of elderly citizens, NHANESM 
1976-'80, USA 

stratified systematic sample of all 70, 75 and 79 year old, 
Umea, Sweden 

random selection of participants in nutrition programs, 
central Missouri, USA 

healthy free living subjects (random selection from 
municipal electoral list), Sherbrooke, Canada 

free-living elderly (selection not described), Stradella, 
North Italy 

males (follow up of subsample seven countries study), 
Finland 

Ross Lab. Elderly Dietary Survey, RLEDS, nationwide 
representative sample modelled after USDA's continuing 
Survey of Food Intakes by Individuals, USA 

elderly, both free-living and inhabitants of retirement 
homes (not representative for age and sex structure), Italy 

elderly citizens, from European countries (random samples 
of towns' residents, stratified by age and sex), SENECA: 
Hamme; Belgium (H/B) 
Roskilde; Denmark (R/DK) 
Haguenau; France (H/F) 
Romans; France (R/F) 
Anogia, Archanes; Greece (AA/GR) 
Padua; Italy (P/l) 
Fara Sabina, Magliano Sabina, Poggio Mirteto; ltaly(FMP/l) 
Culemborg; Netherlands (C/NL) 
Elverum; Norway (E/N) 
Vila Franca de Xira; Portugal (V/P) 
Betanzos; Spain (B/E) 
Yverdon; Switzerland (Y/CH) 
Burgdorf; Switzerland (Bu/CH) 
Bellinzona; Switzerland (Be/CH) 

60 138 

65 

48 44 (act.) 
82 124(1. 

act.) 

17 34 

1199 1416 

94 89 

145 300 

35 47 

52 75 
59 65 

227 

115 178 
65 116 

449 497 

nd 6 0 + R3 

nd 60-90 R3 

nd 65-75 R7 

65 63-99 H 

62 65-74 H 

79 70, 75, D 
and 79 

nd 60-96 

41 65-89 R7 

nd 60-69 R7 
7 0 + 

4 3 70-89 D 

74 65-74 H 
74 + 

32 60-99 W7 

120 
96 
110 
116 
31 
97 
32 
114 
32 
111 
86 
117 
30 
30 

100 
98 
110 
103 
45 
93 
32 
124 
28 
111 
116 
124 
30 
30 

55 
46 
51 
34 
81 
51 
69 
37 
56 
62 
58 
49 
40 
57 

70-76 

70-76 

70-76 
70-76 

74-76 
70-76 

74-76 
70-76 

74-76 

70-76 

70-76 

70-76 

74-76 
74-76 

- continued 
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Authors Reference Sampling frame n Response Age Dietary 

males females (%) method8 

Smidt et at., 1991 (33) Healthy elderly women (random selection from medical - 80 nd 65-92 H 
registration lists), Cork City, Ireland 

Somogyi and (34) apparently healthy, free-living elderly (selection not 24 67 nd 63-83 nd 
Kopp, 1983 reported), Zurich, Switzerland 

Walker and (35) recruited, independently living individuals (selection not 7 54 nd 60-94 R3 
Beauchene, 1991 reported), Tennessee, USA 

Yearick et al., (36) apparently healthy elderly (non random sample), Oregon, 25 75 nd 63-96 R3 
1980 USA 

Institutionalized elderly: 

Boston Nutritional (7) mentally competent elderly from 15 long-term care 11 14 nd 60-69 R3 
Status Survey, facilities (not random), 'Boston Nutritional Status Survey', 45 44 70-79 
1992 USA 35 79 80-89 

12 26 9 0 + 

Ferro-Luzzi et al., (37) light and heavier drinking (LD & HD) apparently healthy 98 126ILD) 54 6 5 + W7 
1988 elderly in retirement homes throughout Italy 90 79 (HD) 

Gonzalez-Gross et (38) institutionalized elderly (selection not reported), 20 52 nd 68-95 W5 
al., 1991 Autonomic Community of Madrid, Spain 

Guilland at al., (39) nursing home patients (random selection), Dijon, France 31 29 nd 60-98 W5 
1984 

Lowik et al., 1992 (19) mentally competent nursing home (NH) patients or - 54 (NH) 65 83 ± 8 D 
residents of service flats (SF), all > 3 months resident, 29 (SF) 56 81 ± 6 
Amsterdam, The Netherlands 

Marazzi et al., (21) institutionalized elderly ( > 3 months resident), Rome, Italy - 64 nd 60-90 R3 
1990 

Suboticanec et al., (40) residents (without acute disease) of 2 elderly homes, 50 50 nd 65-80 R3 
1989 Zagreb, Yugoslavia 

Testolin at al., (41) inst. elderly (selfsufficient, no serious pathology). Northern 28 57 nd 7 0 + W10 
1986 Italy 

nd = not defined. 
3 D = dietary history; H = 24-hour recall; Rx = diet record (x = number of days); S = semi-quantitative food frequency 
questionnaire; Wx = weighed record (x = number of days). 

Assessment of dietary intakes 

Different techniques can be used in assessing dietary intakes. In this review, the methods 

most often used to collect information on nutrient intakes are dietary histories, 24-hour 

recalls, food records and food frequency questionnaires. Each method has its own 
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advantages and drawbacks.42 It is difficult to draw general conclusions from papers 

in which validity and reproducibility of dietary assessment methods in elderly 

subjects have been studied since purpose, design, target population, the estimation 

of portion sizes, reference method and time frame are different for most studies. 

A 24-hour recall gives information in a simple and fast way in younger 

adults, but the results are not representative of the usual consumption of 

individuals. When studying large groups of people, this method gives an estimation 

of the usual dietary intake on an aggregate level, but no reliable information on the 

distribution of usual intake within groups.43,44 It seems that due to a decline in 

short term memory with age, the 24-hour recall is an unreliable method in elderly 

people.45 A dietary history, a food frequency questionnaire or a (seven day) 

weighed record seem to lead to more valid results.46"49 When dietary records are 

used, the subject has to be highly motivated, willing and able to report accurate 

and detailed information.48 Participants might change their dietary pattern during 

the record period to simplify the recording process. The weighed record seems to 

be the most accurate method for current food consumption measurement. For 

practical reasons this method is not often used in larger studies. A dietary history, 

including a food frequency check list, is a tedious and difficult interview and 

requires well trained interviewers. On the other hand, the regular food pattern can 

be measured in an accurate way.48,50,51 There are indications however, that the 

dietary history method tends to overestimate food intakes compared to dietary 

records.52 

From estimated food intakes, information on nutrient intakes can be 

calculated using food composition tables. Many Western countries have their own 

food composition tables, on the basis of which dietary nutrient intakes are 

calculated. The main advantage of country specific tables is that these include 

traditional dishes and products. As far as water-soluble vitamins are concerned, 

food composition tables are often incomplete. Most databases contain complete 

information wi th respect to thiamin, riboflavin and vitamin C content of foods. 

Fewer databases contain (complete) information with respect to vitamin B6, folate 

or vitamin B12. 

In most studies where food consumption is measured, mean nutrient intakes 

are presented. However, the distribution of micronutrient intakes is often skewed 

to the right. This means that, although the intake might be adequate at a group 

level, it is possible that a substantial number of subjects have insufficient intakes 
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of certain nutrients. Median intakes and percentile distributions give more insight 

into percentages of the people with intakes below the recommendations. Due to 

the large within subject day-to-day variation in dietary intake, the use of a one day 

observation period results in a greater apparent variation between subjects than 

would be observed if a longer observation period were used. Furthermore, the 24-

hour recall tends to underestimate dietary intakes. Therefore dietary intake data, 

gathered by means of a 24-hour recall cannot be used to estimate percentages of 

people having adequate or inadequate levels of nutrient intakes.53"55 Data reported 

as such are not included in this review. 

Recommended dietary allowances 

At a group level, the calculated nutrient intakes can be compared with dietary 

standards. In most Western countries dietary recommendations, most often 

referred to as Recommended Dietary Allowances (RDAs), have been published. 

RDAs for nutrients are based on the available scientific knowledge and are 

considered as the mean nutritional requirement of healthy persons plus two 

standard deviations (SDs) to cover the needs of most (98 per cent) individuals. 

They are presented by sex and age categories. Expanding knowledge of dietary 

needs of specific categories of people, has lead to changes in RDAs over t ime. 

Furthermore, most countries have their own expert committees which often results 

in country specific dietary recommendations.1,56'63 

The RDAs for older people are most often extrapolations of the 

recommendations for healthy young adults. The main reason for that is that 

relatively few studies on nutritional needs of elderly people have been conducted. 

Thus comparison with RDAs alone is not sufficient to evaluate the adequacy of 

nutrient intakes. 

Blood biochemistry 

Biochemical measurements are indispensable in judging the adequacy of vitamin 

nutriture of people, although these values often do not reflect recent intakes. 

Factors like body stores, disease and medications also have an impact on blood 
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values of the various nutrients. Analysis techniques are available to measure either 

blood concentration of the vitamin itself or to carry out functional tests (e.g. 

activity stimulation tests to judge the state of thiamin or riboflavin deficiency). The 

methodology for assessing vitamin nutriture has been described by others.84"66 

Adequate intakes of nutrients do not necessarily imply an optimal nutritional 

status. Bioavailability problems, drug-nutrient interactions and underlying disease 

might cause biochemical or clinical deficiency despite adequate intakes.67"70 

As for the RDAs, reference values of biochemical parameters are often based 

on values found in samples of healthy adults.65 Therefore prevalence of low 

biochemical status needs to be interpreted with care. 

RESULTS AND INTERPRETATION 

In the following paragraphs the different dietary standards for each vitamin are 

presented, and the ability of the diet to meet nutritional needs is discussed for free-

living as well as for institutionalized elderly people. Associations wi th the 

biochemical status parameters of the described vitamins are also discussed. Dietary 

intakes of thiamin, riboflavin, vitamin B6, folate, vitamin B12 and vitamin C are 

presented in Tables 2-7. 

Thiamin intake 

Dietary standards 

Recommendations for thiamin intake are often expressed as caloric densities. The 

1989 RDA for thiamin intake in the USA1 is unchanged compared to the 1980 

edition62 and is 0.5 mg/1000kCal for people aged 65 and over, wi th a minimum 

absolute intake of 1.2 mg/day for males and 1.0 mg/day for females who consume 

less than 2000 kCal per day. The Australian RDA is slightly lower (0.9 mg/day for 

males aged 65 years and over and 0.7 mg/day for females aged 54 years and 

over).57"59 In Europe, the RDA ranges from 0.7 mg/day in Spanish elderly females, 

to 1.5 mg/day in elderly males and females in Greece and Belgium.56 
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Prevalence of dietary inadequacy 

In Table 2, dietary thiamin intakes are presented. Mean dietary thiamin intake 

usually ranged from 1.1 to 2.0 mg/day in men, with the exception of all Italian 

studies where mean dietary intakes far below the recommendations were 

found.6,8" ia28 '31,32 '41 For women the mean dietary thiamin intake ranged from 1.0 to 

1.4 mg/day in most of the presented studies. As for males, the intakes were much 

lower in the Italian studies.6,8"10,28'31'32,41 Lowik et al. found low mean intakes in 

apparently healthy women18 as well as in female nursing home and service flat 

residents19, but not as low as the Italian figures. Smidt et al.33 also reported 

relatively low mean thiamin intakes (0.9 mg/day) in healthy Irish women. With the 

exception of two studies6,33 in which the 24-hour recall was used, all of the studies 

which reported low mean thiamin intakes used either a dietary record with a 

recording period of at least seven days28,31'41 or a dietary history8"10,18,19'32 for 

dietary assessment. Reported median intakes tended to be slightly lower for both 

men and women in all studies where both mean and median intakes were 

presented.5,s"10'12'1 ̂ •"•2B^ •« 

Table 2. Dietary thiamin intakes (mg/day) and dietary adequacy. 

Author 

Free-living elderly: 

Baghurst and 
Record, 1987 

Bianchetti et al.. 
1990 

Boston Nutritional 
Status Survey, 
1992 

Contaldo et al., 
1986 

Reference 

(51 

(6) 

(7,71) 

(8) 

Sub-sample 

-

. 

60-69yrs 

70-79yrs 

80 + yrs 

. 

Sex 

M 
F 

M 
F 

M 
F 
M 
F 
M 
F 

M 
F 

Mean 

1.37 
1.16 

nd 

1.60 
1.19 
1.49 
1.17 
1.44 
1.20 

0.7 
0.57 

SEM 

nd 

nd 

0.06 
0.03 
0.05 
0.03 
0.07 
0.04 

0.03 
0.02 

p10 

nd 

nd 

nd 

0.40 
0.30 

p50 

1.20 
1.08 

nd 

1.59 
1.13 
1.42 
1.09 
1.36 
1.13 

0.65 
0.55 

p90 

nd 

nd 

nd 

1.1 
0.80 

Dietary adequacy3 

1 1 % < RDAb 

6% < RDA 

96% < %RDAC 

9 2 % < %RDA 

4% < %RDAC 

5% < %RDA 
2 % < %RDA 
5% < %RDA 
5% < %RDA 
4% < %RDA 

nd 

- continued -
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Author 

Fidanza et al.. 
1984 

Fidanza et al., 
1991 

Garry et al., 1982 

Gray et al., 1983 

Herbeth et al., 
1989 

Horwath, 1989 

Horwath et al.. 
1992 

Koehler et al., 
1992 

Kohrs et al., 1980 

Lowiket al., 1989 

Lowiket al., 1992 

Mensink and Arab, 
1989 

Reference 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

(22) 

Sub-sample 

65-70yrs 

70 + yrs 

. 

-

-
. 

. 

_ 

. 

participate 
congregate 
hot-meal 
programs 
( 0 , < 2 , 2-5 
times/wk) 

-

-

phys. act. 

less active 

Sex 

M 
F 
M 
F 

M 
F 

M 
F 

F 

M 
F 

M 
F 

M 
F 

M 
F 

M(0) 
M (<2 ) 
M (2-5) 
F(0) 
F ( < 2 ) 
F (2-5) 

M 
F 

F 

M 
F 
M 
F 

Mean 

0.93 
0.76 
0.88 
0.71 

0.83 
0.75 

nd 

1.24 

1.17 
1.02 

1.23 
1.15 

1.22 
1.14 

1.5 
1.2 

1.26 
1.40 
1.35 
1.03 
1.01 
1.11 

1.11 
0.93 

1.06 

1.11 
1.01 
1.13 
1.00 

SEM 

0.04 
0.03 
0.05 
0.03 

0.04 
0.03 

nd 

0.07 

0.02 
0.02 

0.01 
0.01 

0.02 
0.02 

nd 

0.08 
0.06 
0.07 
0.05 
0.03 
0.04 

0.01 
0.01 

0.03 

0.04 
0.04 
0.03 
0.03 

p10 

0.60 
0.45 
0.47 
0.48 

0.55 
0.44 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd» 

nd 

nd 

p50 

0.82 
0.74 
0.80 
0.67 

0.78 
0.74 

nd 

1.16 

nd 

1.20 
1.10 

nd 

nd 

nd 

nd 

nd 

nd 

p90 

nd 

1.04 
1.05 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

Dietary adequacy3 

nd 

nd 

2 7 % < RDAC 

4 7 % < RDA 

0% < %RDAC 

nd 

2 % < %RDAb 

1 % < %R0A 

1 % < %RDAb 

1 % < %RDA 

nd 

± 50% of all 
participants 
< RDAd 

nd 

nd 

nd 

Millen Posner et (23) 
al., 1987 

nd 6 2 % < RDAC 

NHANESII, 1983 (24) 

Nordstrom et al., (25) 
1988 

O'Hanlon et al., (26) 
1983 

M 
F 

M 
F 

M 
F 

1.33 
0.99 

1.6 
1.3 

nd 

0.03 
0.02 

0.05 
0.04 

nd 

0.61 
0.45 

nd 

nd 

1.13 
0.85 

nd 

nd 

2.25 
1.58 

nd 

nd 

nd 

8% < %RDAd 

13% < %RDA 

- continued • 

32 



Review vitamin intake 

Reference Sub-sample Sex Mean SEM p10 p50 p90 Dietary adequacy3 

Payette and Gray- (27) 
Donald, 1991 

Porrini et al., 1987 (281 

Rasanen et al., (29) 
1992 

Ryan et al., 1992 (30) 

Scaccini et al., 
1992 

SENECA 
investigators, 
1991 

(31) 

(32) 

60-69 yrs 

70 + yrs 

65-74 yrs 

74+ yrs 

H/B 

R/DK 

H/F 

R/F 

AA/GR 

P/l 

FMP/I 

C/NL 

E/N 

V/P 

B/E 

Y/CH 

Bu/CH 

Be/CH 

M 
F 

M 
F 
M 
F 

Smidtetal . , 1991 (33) 

Somogyi and (34) 
Kopp, 1983 

Walker and (35) 
Beauchene, 1991 

1.55 
1.20 

0.72 
0.60 
0.71 
0.56 

0.12 
0.07 

0.04 
0.02 
0.04 
0.02 

nd 

0.43 
0.34 
0.40 
0.36 

1.56 
1.12 

0.68 
0.57 
0.65 
0.55 

nd 

1.02 
0.90 
0.98 
0.75 

9% < %RDAe 

11 % < %RDA 

nd 

2.00 0.04 nd nd 

1.6 
1.4 
1.5 
1.2 

0.77 
0.66 

nd 

0.91 

1.2 

1.08 

0.1 
0.1 
0.1 
0.1 

0.01 
0.01 

nd 

0.11 

0.05 

0.06 

nd 

nd 

0.82 
0.77 
0.90 
0.60 
0.75 
0.53 
0.74 
0.67 
0.83 
0.50 
0.52 
0.47 
0.68 
0.55 
0.87 
0.71 
0.85 
0.75 
0.68 
0.44 
0.85 
0.81 
0.61 
0.59 
0.81 
0.67 
0.64 
0.57 

nd 

nd 

nd 

nd 

nd 

1.18 
1.04 
1.20 
1.00 
1.10 
0.92 
1.18 
0.88 
1.27 
0.83 
0.84 
0.71 
1.06 
0.82 
1.24 
0.94 
1.11 
0.91 
1.25 
0.80 
1.31 
1.21 
0.90 
0.76 
1.21 
0.98 
0.91 
0.82 

nd 

nd 

nd 

nd 

nd 

1.65 
1.39 
1.60 
1.30 
1.67 
1.61 
1.98 
1.43 
2.13 
1.13 
1.22 
1.12 
1.48 
1.12 
1.60 
1.29 
1.34 
1.09 
1.97 
1.38 
1.96 
2.11 
1.30 
1.13 
1.53 
1.32 
1.35 
1.34 

nd 

nd 

nd 

16% 
13% 
12% 

< %RDAf 

< %RDA 
< %RDA 

16% < %RDA 

6% < %RDA9 
2% < %RDA 

9% < RDAh 

5% < RDA 
4% < RDA 
10% 
17% 
19% 
13% 

< RDA 
< RDA 
< RDA 
< RDA 

15% < RDA 
10% 
3 1 % 
44% 
4 8 % 
2 2 % 
3 8 % 

< RDA 
< RDA 
< RDA 
< RDA 
< RDA 
< RDA 

3% < RDA 
7% < RDA 
6% < RDA 
0% < RDA 
19% 
3 7 % 

< RDA 
< RDA 

8% < RDA 
4% < RDA 
37% 
36% 
10% 
17% 
3 0 % 
2 3 % 

nd 

nd 

nd 

< RDA 
< RDA 
< RDA 
< RDA 
< RDA 
< RDA 
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Author Reference Sub-sample Sex Mean SEM p10 p50 p90 Dietary adequacy3 

Yearick et al., 
1980 

(36) 

Institutionalized elderly: 

Boston Nutritional 
Status Survey, 
1992 

Ferro-Luzzi et al., 
1988 

Lowiket al., 1992 

Suboticanec et al., 
1989 

Testolin et al.. 
1986 

(7,72) 

(37) 

(19) 

(40) 

(41) 

-

age groups 
combined 

light-
drinking 
heavier 
drinking 

nurs. home 
service flat 

-

. 

M 
F 

M 
F 

M 
F 
M 
F 

F 
F 

M 
F 

M 
F 

1.33 
1.16 

1.5 
1.3 

nd 

0.65 
0.85 

1.1 
1.0 

0.66 
0.56 

0.1 
0.1 

0.04 
0.02 

nd 

0.02 
0.03 

0.06 
0.06 

0.03 
0.02 

nd 

nd 

nd 

nd 

nd 

0.48 
0.37 

nd 

1.4 
1.3 

0.71 
0.63 
0.70 
0.66 

nd 

nd 

0.67 
0.56 

nd 

nd 

nd 

nd 

nd 

0.96 
0.72 

12% < %RDAd 

17% < %RDA 

2 % < %RDAC 

4 % < %RDA 

nd 

nd 

nd 

nd 

nd = not defined. 
a Several versions of the RDA have been used as reference, see other footnotes. 
b Australian NHMRC RDA for men (0.9 mg/day) and women (0.7 mg/day) 65 + years, 1982.67 '6 

c United States NRC RDA for men (1.2 mg/day) and women (1.0 mg/day) 51 + years, 1980.62 

d United States NRC RDA for men (1.2 mg/day) and women (1.0 mg/day), 1974. 
e Canadian RDA 0.8 mg/day for both men and women, 1990.63 

' United States NRC RDA for men (1.2 mg/day) and women (1.0 mg/day) 51 + years, 1989. ' 
9 LARN, Italian RDA, 1989. 
h Reference used 0.8 mg/day for males and 0.7 mg/day for females. 

Although in general the mean intakes were found to be adequate, a number 

of studies reported that a substantial part of the study population had dietary 

thiamin intakes below the recommendations. Garry et al.11 used a three day dietary 

record and concluded that 27 per cent of the men and 47 per cent of the women 

had dietary thiamin intakes below the 1980 USA recommendations, but no 

absolute figures were presented. Kohrs et al.17 reported that over 50 per cent of 

the total population had dietary thiamin intakes below the USA 1974 

recommendations. In the SENECA study, low dietary thiamin intakes were reported 

for both men and women living in mediterranean towns - with the exception of the 

Spanish men and women and the Greek men -, as well as in the elderly people 

living in two of the Swiss towns studied.32 In the SENECA study the intakes were 

compared with the lowest dietary recommendations in Europe, which are 0.8 
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mg/day for males and 0.7 mg/day for females. 

To relate thiamin intakes to nutritional status, in ten studies erythrocyte 

transketolase (ETK) activity was reported as a measure of thiamin 

status.8'1013'22'28'33-34'40'41,72"74 With the exception of the free-living population in the 

Boston Nutritional Status Survey74, in which a significant relationship between 

thiamin intake and the ETK activity coefficient was found, no significant 

correlations between thiamin intake and thiamin status were found in the reported 

studies. Two studies33'76 reported the thiamindiphosphate effect (TPP%) thiamin 

status indicator. The mean ETK activity coefficients range from 1.0241 to 1.1734 

and were found to be normal for most subjects. An activity coefficient of 1.17 is 

often used as an upper cut-off value for slight biochemical deficiency. In two Italian 

studies28'41 ten per cent of the subjects had an ETK activity coefficient above 1.17 

and in one Italian study8 this was the case in twenty per cent of the subjects. 

Another Italian study75 reported 25 per cent of the subjects as being mildly to 

severely thiamin deficient (TPP% > 15). Smidt et al. reported that almost half of the 

subjects exhibited a deficient thiamin status.33 Somogyi and Kopp even concluded 

that 40 per cent of their study population were slightly thiamin deficient.34 

Although only in one study significant correlations with intake were found, it 

seems that studies in which a high prevalence of biochemical thiamin deficiency 

was observed, also showed a high percentage of people having inadequate dietary 

intakes of thiamin. According to one of the research groups, a possible explanation 

for absence of correlation between dietary intake figures and biochemical status 

might be the limited range of thiamin intakes, small sample size or inaccuracy of 

nutrient composition tables.73 

From these studies we conclude that in general thiamin intakes seem to be 

adequate in most of the older people. Lower intake figures have been found for the 

Italian elderly, and in homes for the elderly. Biochemical figures are in line wi th this 

conclusion. 

Riboflavin intake 

Dietary standards 

In the USA, a riboflavin intake of at least 1.4 mg/day for males and 1.2 mg/day for 

females aged 51 years and over is recommended.1,62 The Australian 
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recommendations are 1.3 mg/day for males aged 64 years and over and 1.0 

mg/day for females aged 54 years and over.57"59 In Europe, the RDA for riboflavin 

ranges between 1.0 mg/day for elderly females in Spain and 1.8 mg/day for elderly 

males in France.56 Most riboflavin recommendations for elderly Europeans aged 65 

years and over are slightly higher than the USA recommendations.56 

Prevalence of dietary inadequacy 

Dietary riboflavin intakes are listed in Table 3. Relatively few of the studied elderly 

people had low riboflavin intakes. Mean dietary riboflavin intakes of free-living 

elderly men exceeded 1.5 mg/day in 14 of the 23 studies. As for thiamin intake, 

five Italian studies reported much lower mean intakes (ranging from 0.95 to 1.33 

mg/day).8"10'28'31 A study in Germany also showed lower mean intakes (1.42 and 

1.32 mg/day for physically active and less active men respectively).22 In the 

SENECA study, relatively low median dietary intakes ranging from 1.33 to 1.43 

mg/day were found for men in towns in Belgium, Greece, Italy and Switzerland.32 

In most of the free-living elderly women studied mean intakes ranged from 

1.2 to 2.1 mg/day. As for the Italian men, Italian women had lower mean intakes, 

ranging from 0.88 to 1.16 mg/day.8'10'28'31 Median intakes below 1.2 mg/day were 

reported in the SENECA study for women in towns in Belgium, Greece and 

Portugal.32 

Table 3. Dietary riboflavin intakes (mg/day) and dietary adequacy. 

Author 

Free-living elderly: 

Baghurst and 
Record, 1987 

Boston Nutritional 
Status Survey, 
1992 

Reference 

(5) 

(7,71) 

Sub-sample 

. 

60-69yrs 

70-79yrs 

80 + yrs 

Sex 

M 
F 

M 
F 
M 
F 
M 
F 

Mean 

2.18 
1.91 

2.04 
1.58 
1.98 
1.59 
1.96 
1.60 

SEM 

nd 

0.07 
0.04 
0.08 
0.05 
0.08 
0.05 

p10 

nd 

nd 

p50 

1.94 
1.80 

1.95 
1.50 
1.81 
1.46 
1.92 
1.45 

p90 

nd 

nd 

Dietary adequacy3 

4 % < RDAb 

4 % < RDA 

3% < %RDAC 

3% < %RDA 
2 % < %RDA 
3% < %RDA 
0% < %RDA 
2 % < %RDA 

- continued -
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Authof 

ContakJo et al., 
1986 

Fidanza et al., 
1984 

Fidanza et al., 
1991 

Garry et al., 1982 

Gray et al., 1983 

Herbeth et al., 
1989 

Horwath, 1989 

Horwath et al., 
1992 

Koehler et al., 
1992 

Kohrs et al., 1980 

Lowik et al., 1989 

Lowiket al., 1992 

Mensink and Arab, 
1989 

Reference 

(8) 

(9) 

(101 

(11,76) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

(22) 

Sub-sample 

65-70yrs 

70 + yrs 

_ 

-
. 

_ 

. 

_ 

participate 
congregate 
hot-meal 
programs 
( 0 , < 2 , 2-5 
times/wk) 

-

phys. act. 

less active 

Sex 

M 
F 

M 
F 
M 
F 

M 
F 

M 
F 

F 

M 
F 

M 
F 

M 
F 

M 
F 

M (0) 
M (<2 ) 
M (2-5) 
F(0) 
F ( < 2 ) 
F (2-5) 

M 
F 

F 

M 
F 
M 
F 

Mean 

1.2 
1.05 

0.95 
0.94 
0.96 
0.88 

0.99 
0.99 

1.86 
1.58 

1.66 

1.49 
1.29 

2.16 
2.05 

1.73 
1.62 

2.0 
1.5 

2.19 
2.24 
2.28 
1.90 
1.74 
2.02 

1.70 
1.51 

1.91 

1.42 
1.37 
1.32 
1.22 

SEM 

0.04 
0.04 

0.05 
0.05 
0.05 
0.04 

0.05 
0.06 

0.06 
0.06 

0.11 

0.03 
0.04 

0.03 
0.02 

0.04 
0.03 

nd 

0.15 
0.11 
0.10 
0.11 
0.06 
0.10 

0.03 
0.03 

0.05 

0.05 
0.06 
0.04 
0.03 

p10 

0.70 
0.60 

0.58 
0.52 
0.51 
0.52 

0.55 
0.54 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

p50 

1.1 
1.0 

0.90 
0.89 
0.85 
0.83 

0.96 
0.89 

1.70 
1.39 

1.56 

nd 

2.10 
2.00 

nd 

nd 

nd 

nd 

nd 

nd 

p90 

1.6 
1.6 

nd 

1.46 
1.59 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

Dietary adequacy3 

nd 

nd 

nd 

16% < RDAC 

2 9 % < RDA 

9% < %RDAC 

nd 

2 % < %RDAb 

2 % < %RDA 

4% < %RDAC 

2% < %RDA 

nd 

± 15% of all 
participants 
< RDAd 

nd 

nd 

nd 

Millen Posner et (23) 
al., 1987 

0.22 nd nd nd 6 2 % < RDAC 

NHANESII, 1983 (24) 

Nordstrom et al., (25) 
1988 

M 
F 

M 
F 

1.84 
1.36 

2.0 
1.7 

0.04 
0.04 

0.06 
0.05 

0.76 
0.54 

nd 

1.56 
1.13 

nd 

3.03 
2.26 

nd 

nd 

nd 

- continued • 

37 



Chapter 2 

Author 

O'Hanlon et al.. 
1983 

Payette and Gray-
Donald, 1991 

Porrini et al., 1987 

Rasanen et al., 
1992 

Reference 

(26) 

(27) 

(28) 

(29) 

Sub-sample 

. 

60-69 yrs 

70 + yrs 

. 

Sex 

M 
F 

M 
F 

M 
F 
M 
F 

M 

Mean 

nd 

1.53 
1.20 

1.33 
1.16 
1.26 
1.08 

3.0 

SEM 

nd 

0.08 
0.05 

0.08 
0.06 
0.08 
0.05 

0.07 

p10 

nd 

nd 

0.75 
0.66 
0.70 
0.57 

nd 

p50 

nd 

1.53 
1.16 

1.24 
1.06 
1.17 
1.00 

nd 

p90 

nd 

nd 

1.97 
1.90 
1.86 
1.67 

nd 

Dietary adequacy3 

6% < %RDAd 

3% < %RDA 

14% < %RDAe 

2 1 % < %RDA 

nd 

nd 

Ryanet al., 1992 

Scaccini et al.. 
1992 

SENECA 
investigators. 
1991 

Somogyi and 

(30) 

(31) 

(32) 

(34) 

65-74 yrs 

7 4 + yrs 

. 

H/B 

R/DK 

H/F 

R/F 

AA/GR 

P/l 

FMP/I 

C/NL 

E/N 

V/P 

B/E 

Y/CH 

Bu/CH 

Be/CH 

. 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

1.9 
1.6 
1.8 
1.4 

1.27 
1.08 

nd 

1.7 

0.1 
0.1 
0.2 
0.1 

0.02 
0.02 

nd 

0.05 

nd 

nd 

0.86 
0.82 
1.40 
1.10 
1.03 
0.99 
1.14 
0.96 
0.95 
0.50 
1.00 
0.87, 
0.96 
0.86 
1.13 
1.01 
1.17 
1.10 
0.81 
0.61 
1.15 
1.05 
0.97 
0.78 
1.20 
1.15 
1.05 
0.83 

nd 

nd 

nd 

1.34 
1.17 
2.00 
1.70 
1.58 
1.49 
1.69 
1.47 
1.43 
0.88 
1.42 
1.30 
1.63 
1.26 
1.73 
1.52 
1.65 
1.37 
1.57 
1.11 
1.73 
1.67 
1.48 
1.25 
1.72 
1.52 
1.33 
1.35 

nd 

nd 

nd 

1.93 
1.59 
2.80 
2.50 
2.67 
3.20 
3.20 
3.03 
2.44 
1.52 
2.27 
2.10 
2.20 
1.88 
2.26 
2.11 
2.05 
1.78 
2.46 
2.15 
2.59 
2.54 
2.16 
1.71 
2.31 
2.22 
2.00 
1.92 

nd 

18% 
10% 
12% 
13% 

< %RDAf 

< %RDA 
< %RDA 
< %RDA 

7% < %RDA9 

4% < %RDA 

38% 
2 2 % 

< RDAh 

< RDA 
2% < RDA 
5% < RDA 
24% 
13% 
12% 
12% 
29% 
56% 
24% 
2 3 % 
25% 
3 1 % 
16% 

< RDA 
< RDA 
< RDA 
< RDA 
< RDA 
< RDA 
< RDA 
< RDA 
< RDA 
< RDA 
< RDA 

9% < RDA 
16% < RDA 
4% < RDA 
24% 
4 0 % 
10% 

< RDA 
< RDA 
< RDA 

9% < RDA 
25% 
2 3 % 
10% 

< RDA 
< RDA 
< RDA 

3% < RDA 
23% 
27% 

nd 

< RDA 
< RDA 

Kopp, 1983 

- continued -

38 



Review vitamin intake 

Author 

Walker and 
Beauchene, 1991 

Yearick et al.. 
1980 

Reference 

(35) 

(36) 

Institutionalized elderly: 

Boston Nutritional 
Status Survey, 
1992 

Ferro-Luzzi et al., 
1988 

Gonzalez-Gross et 
al., 1991 

Lowik et al., 1992 

Suboticanec et al., 
1989 

Testolin et al., 
1986 

(7,72) 

(37) 

(38) 

(19) 

(40) 

(41) 

Sub-sample 

. 

age groups 
combined 

light-
drinking 
heavier 
drinking 

. 

nurs. home 
service flat 

. 

. 

Sex 

F 

M 
F 

M 
F 

M 
F 
M 
F 

M 
F 

F 
F 

M 
F 

M 
F 

Mean 

1.51 

2.12 
1.51 

2.1 
1.9 

nd 

1.55 
1.61 

1.37 
1.62 

1.7 
1.5 

1.82 
1.50 

SEM 

0.01 

0.14 
0.07 

0.05 
0.04 

nd 

0.10 
0.06 

0.07 
0.09 

0.08 
0.07 

0.07 
0.05 

plO 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

1.34 
0.94 

p50 

nd 

nd 

2.1 
1.9 

1.31 
1.16 
1.34 
1.11 

nd 

nd 

nd 

1.87 
1.47 

p90 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

2.29 
2.07 

Dietary adequacy3 

nd 

12% < %RDAd 

17% < %RDA 

0% < %RDAC 

1 % < %RDA 

nd 

nd 

nd 

nd 

nd 

nd =» not defined. 
a Several versions of the RDA have been used as reference, see other footnotes. 
b Australian NHMRC RDA for men (1.3 mg/day) and women (1.0 mg/day) 65 + years, 1982 . 5 7 M 

c United States NRC RDA for men (1.4 mg/day) and women (1.2 mg/day) 51 + years, 1980.62 

d United States NRC RDA for men (1.2 mg/day) and women (1.0 mg/day), 1974. 
e Canadian RDA 1.0 mg/day for both men and women, 1990.e3 

' United States NRC RDA for men (1.4 mg/day) and women (1.2 mg/day) 51 + years, 1989.' 
9 LARN, Italian RDA, 1989. 
h Reference used 1.0 mg/day for both men and women. 

With the exception of Ferro-Luzzi et al.37 who found a median dietary 

riboflavin intake below 1.5 mg/day in men and below 1.2 mg/day in women, all 

studies among institutionalized elderly men showed satisfactory mean dietary 

intakes. 

When compared to the dietary recommendations, a few studies reported a 

relatively high prevalence of low dietary riboflavin intakes.11,27,32'36,76 One of the 

worst situations was reported in a study in Canada27, where 14 per cent of the 

men and 21 per cent of the women were found to have riboflavin intakes below 

two-thirds of the Canadian RDA.63 The recommendations for riboflavin intakes in 
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Canada (1 mg/day for both males and females) are lower than the RDA in the 

USA.1 In the SENECA study32, dietary riboflavin intakes in 8 of the 14 larger study 

samples were below 1.0 mg/day in 24 to 38 per cent of the elderly men. In these 

centres, wi th the exception of a town in France (H/F), the prevalence of elderly 

women consuming less than 1.0 mg riboflavin per day from diet alone ranged from 

22 to 56 per cent. Garry et al.11 reported that 16 per cent of the males and 29 per 

cent of the females had dietary riboflavin intakes below the USA 1980 RDA. 

Yearick et al.36 found dietary intakes below the USA 1974 RDA (1.5 and 1.1 

mg/day for males and females respectively) in 20 per cent of the males and 29 per 

cent of the females. In the latter two studies a three day dietary record was used, 

which may lead to under-reporting unless the population is highly motivated. 

The erythrocyte glutathione reductase (EGR) activity, which is a commonly 

used biochemical measure of riboflavin nutriture, was reported in 14 

studies.8'1013'22'28'34'37'3840'41'72'73'75"78 The mean activity coefficients range from 1.00 

in elderly German women22 to 1.32 in institutionalized elderly men in former 

Yugoslavia.40 Using an activity coefficient of 1.20 as a cut-off point, in eight 

studies ten to twenty per cent of the people under study were found to be at risk 

for riboflavin deficiency.8'19,28'37'38'41'73'75 In four studies the riboflavin status was 

found to be adequate in all participants.22,34'72,78 Garry et al.76 used an EGR activity 

coefficient of 1.35 as cut-off point and concluded that only three subjects had a 

poor riboflavin nutriture. 

Significant correlations between riboflavin intake and the EGR activity 

coefficient were found in women by Fidanza et al.10,73(r = -0.22 at the f ifth year 

follow up and r = -0.33 at the eleventh year follow up) and by Herbeth et al.13 in 

the total population (r = -0.21). Garry et al.76 found that 28 per cent of the 

variability in EGR activity coefficient could be accounted for by total daily riboflavin 

intake. In the Boston Nutritional Status Survey77 a 3.5-fold increase in the riboflavin 

intake was found to be associated with a 0.05 decrease in the EGR activity 

coefficient for free-living subjects and for institutionalized females. A 74 per cent 

increase in the riboflavin intakes of institutionalized males resulted in and 

equivalent decrease in the EGR activity coefficient. 

In general it can be concluded that, with the exception of a few studies with 

a high prevalence of low intakes, the dietary riboflavin intake is satisfactory for 

free-living as well as for institutionalized elderly people in Western society. The low 

incidence of biochemical riboflavin deficiency supports this conclusion. 
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Vitamin B6 intake 

Dietary standards 

In the ninth edition (1980) of the USA dietary recommendations vitamin B6 

minimum intakes of 2.2 mg/day and 2.0 mg/day were recommended respectively 

for males and females aged 51 years and over.62 In the tenth edition, these 

recommendations have been lowered to 2.0 and 1.6 mg/day respectively for males 

and females in this age category.1 The latter recommendations are based on a 

figure of 0.016 mg/g protein compared to the 0.020 mg/g protein used in the 

previous edition. However, it was concluded by the subcommittee working on the 

vitamin B6 recommendations that the latter figure was higher than could be justified 

by requirement studies.1 The Australian dietary recommendations for vitamin B6 are 

presented as a range, 1.0- 1.5 mg/day for males aged 65 years and over and 0.8 -

1.1 mg/day for females aged 54 years and over, based on 0.02 mg/g dietary 

protein.57"59 In a review by Trichopoulou and Vassilakou56, no information has been 

reported with respect to vitamin B6 recommendations in Europe. In the Netherlands, 

0.02 mg/g protein is recommended in both elderly males and females, wi th a 

minimum of 1.2 mg/day for males and 1.0 mg/day for females aged 65 years and 

Prevalence of dietary inadequacy 

In 16 studies vitamin B6 intakes were reported. In these studies, listed in Table 4, 

mean intakes in elderly men ranged from 1.04 (male nursing home residents, 

studied by Guilland et al.) to 1.9 mg/day (men aged 65-74 years, studied by Ryan 

et al. and men aged 60 years and over, studied by Manore et al.). In women, the 

intakes ranged from 0.82 (women living in a nursing home, studied by Lowik et al.) 

to 1.7 mg/day (women aged 65-74 years, studied by Ryan et al.).19,20,30,39 The 

'younger' elderly women in the study of Ryan et al.30 were the only group wi th a 

mean vitamin B6 intake above the 1989 USA recommendations. However, since 

data on the vitamin B6 content of many foods are not available in some of the 

present nutrient databases, the dietary intake results need to be interpreted with 

some reservation. 

In the SENECA study32 median dietary vitamin B6 intakes in elderly 

Europeans aged 70-75 years ranged from 1.07 to 1.71 mg/day in men and from 

0.75 to 1.48 mg/day in women. The highest prevalence of vitamin B6 intakes 
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below the lowest RDA in Europe (1.0 and 0.8 mg/day respectively for males and 

females) were found in two towns in Switzerland (40 and 33 per cent), and one 

town in Greece (32 per cent) for males, and in two towns in Switzerland (23 and 

13 per cent) and one town in Denmark (11 per cent) for females. 

Table 4. Dietary vitamin B6 intakes (mg/day) and dietary adequacy. 

Reference Sub-sample Sex Mean SEM p10 p50 p90 Dietary adequacy3 

Free-living elderly: 

Baghurst and 
Record, 1987 

(5) 

Bianchetti et al., (6) 
1990 

Boston Nutritional (7,71) 60-69 yrs M 
Status Survey, 
1992 70-79 yrs M 

80 + yrs M 

Garry et al., 1982 (11) - M 

(13) 

Horwath, 1989 (14) 

Herbeth et al 
1989 

Horwath et al., (15) 
1992 

L o w i k e t a l . , 1989 (18) 

LBw ike ta l . , 1992 (19) 

Manore et al., (20) 
1989 

Mensink and Arab, (22) 
1989 

phys. act. 

less active 

1.43 
1.37 

nd 

1.42 
1.13 
1.35 
1.09 
1.19 
1.08 

nd 

nd 

nd 

0.07 
0.05 
0.06 
0.03 
0.06 
0.05 

nd 

nd 

nd 

1.32 
1.25 

nd 

1.26 
0.98 
1.22 
0.99 
1.11 
1.04 

nd 

nd 

nd 

2 0 % < RDAb 

9% < RDA 

9 3 % < %RDAC 

9 3 % < %RDA 

6 3 % < %RDA° 
70% < %RDA 
6 7 % < %RDA 
75% < %RDA 
74% < %RDA 
74% < %RDA 

94% < RDAC 

97% < RDA 

1.68 
1.42 

1.29 
1.26 

1.32 
1.27 

1.38 
1.15 

1.44 

1.9 
1.5 

1.5 
1.4 
1.5 
1.3 

0.04 
0.03 

0.01 
0.01 

0.02 
0.02 

0.02 
0.02 

0.04 

0.08 
0.06 

0.05 
0.05 
0.04 
0.03 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

1.30 
1.20 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

3% < %RDAb 

2 % < %RDA 

1 % < %RDAb 

0% < %RDA 

nd 

nd 

18% < %RDAC 

3 6 % < %RDA 

nd 

• continued • 
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Author 

NHANESII, 1983 

Payette and Gray-
Donald, 1991 

Ryan et al., 1992 

SENECA 
investigators. 
1991 

Reference 

(94) 

(27) 

(30) 

(32) 

Sub-sample 

white 
black 
white 
black 

. 

65-74 yrs 

74 + yrs 

H/B 

R/DK 

H/F 

R/F 

AA/GR 

C/NL 

V/P 

B/E 

Y/CH 

Bu/CH 

Be/CH 

Sex 

M 
M 
F 
F 

M 
F 

M 
F 
M 
F 

M 
F 
M 
F 
M 
F 
M 
F 
M 
F 
M 
F 
M 
F 
M 
F 
M 
F 
M 
F 
M 
F 

Mean 

1.57 
1.19 
1.13 
0.98 

1.45 
1.28 

1.9 
1.7 
1.8 
1.5 

nd 

SEM 

0.03 
0.09 
0.02 
0.07 

0.08 
0.06 

0.1 
0.1 
0.2 
0.1 

nd 

-

plO 

nd 

nd 

nd 

1.02 
0.89 
1.00 
0.70 
1.23 
1.03 
1.17 
0.94 
0.83 
0.48 
1.21 
0.96 
1.07 
0.81 
0.78 
0.75 
0.79 
0.64 
0.86 
0.73 
0.86 
0.76 

p50 

1.36 
0.98 
0.98 
0.81 

1.35 
1.26 

nd 

1.48 
1.24 
1.40 
1.10 
1.71 
1.48 
1.68 
1.31 
1.13 
0.75 
1.71 
1.33 
1.67 
1.23 
1.46 
1.35 
1.07 
0.95 
1.22 
0.96 
1.25 
1.13 

p90 

nd 

nd 

nd 

2.14 
1.69 
1.90 
1.50 
2.25 
2.20 
2.40 
1.85 
1.96 
1.02 
2.28 
1.83 
2.45 
1.90 
2.13 
2.32 
1.46 
1.24 
1.56 
1.41 
1.79 
1.82 

Dietary adequacy3 

8 1 % 
9 2 % 
94% 
9 0 % 

0% < 

< RDAC 

< RDA 
< RDA 
< RDA 

%RDAd 

0 % < %RDA 

3 8 % 
2 8 % 

< %RDAe 

< %RDA 
3 1 % < %RDA 
3 8 % 

9% < 
1 % < 
8% < 
1 1 % 
3% < 
3% < 
4% < 
2 % < 
3 2 % 
2 % < 
2 % < 
3% < 
9% < 
1 % < 
2 0 % 
1 % < 
4 0 % 
3% < 
33% 
23% 
2 3 % 
13% 

< %RDA 

RDAf 

RDA 
RDA 

< RDA 
RDA 
RDA 
RDA 
RDA 

< RDA 
RDA 
RDA 
RDA 
RDA 
RDA 

< RDA 
RDA 

< RDA 
RDA 

< RDA 
< RDA 
< RDA 
< RDA 

Institutionalized elderly: 

Boston Nutritional 
Status Survey, 
1992 

Guilland et al., 
1984 

Lowiket al., 1992 

(7,72) 

(39) 

(19) 

age groups 
combined 

. 

nurs. home 
service flat 

M 
F 

M 
F 

F 
F 

1.3 
1.2 

1.04 
1.02 

0.82 
1.13 

0.05 
0.03 

0.01 
0.01 

0.03 
0.05 

nd 

nd 

nd 

1.2 
1.2 

nd 

nd 

nd 

nd 

nd 

7 2 % < %RDAC 

7 3 % < %RDA 

100% < RDAC 

100% < RDA 

nd 

nd «= not defined. 
a Several versions of the RDA have been used as reference, see other footnotes. 
b Australian NHMRC RDA (lower end of the range) for men (1.0 mg/day) and women (0.8 mg/day) 65 + years, 
1 9 8 2 . , 7 M 

c United States NRC RDA for men (2.2 mg/day) and women (2.0 mg/day) 51 + years, 1980.6 ! 

d Canadian RDA 0.015 mg/g protein for both men and women, 1990.63 

e United States NRC RDA for men (2.0 mg/day) and women (1.6 mg/day) 51 + years, 1989.' 
Reference used 1.0 mg/day for both men and women. 
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The biochemical status of vitamin B6 is often measured by its 

coenzymatically active form pyridoxal-5-phosphate (PLP) or by measuring the 

activity coefficients of erythrocyte aspartate aminotransferase (EAST), formerly 

referred to as EGOT (glutamic oxaloacetic transaminase). Ten of the here presented 

studies reported at least one of these biochemical indicators of vitamin B6 

status.i°.i3,2o.28,39,4o,72,78-8i Although the incidence of an inadequate biochemical 

vitamin B6 status was rather high in most studies, which is consistent wi th the 

relatively low dietary intakes, positive associations between dietary intakes of 

vitamin B6 and PLP concentrations were reported only by Lowik et al.80(r = 0.32 

among female nursing home patients and r = 0.27 among independently living 

women). Herbeth et al.13 found a negative correlation between intake of vitamin 

B6 and EGOT activity coefficient (r = -0.17). A recent study by Bode et al.82 showed 

that vitamin B6 body pools in healthy rats are redistributed during ageing. This may 

be an age related physiological process and as a result it was concluded that 

plasma PLP levels observed in healthy elderly cannot be checked against normal 

ranges for young adults to assess vitamin B6 status. Readjustment of the RDA for 

this vitamin for elderly people should therefore probably not be based on low 

plasma PLP levels compared to those of young adults.82 

This review shows that in most studies mean or median vitamin B6 intakes 

are below the most recent country specific dietary recommendations and indicate 

that a substantial proportion of the free-living as well as the institutionalized elderly 

subjects may have a marginal vitamin B6 intake from diet alone. Further studies are 

required to determine the 'normal' PLP levels in elderly as compared to young 

adults and also to study the health implications at present intakes. 

Folate intake 

Dietary standards 

In the USA, the recommendations for folate intake are 200 //g/day and 180 //g/day 

respectively for males and females aged 51 years and over.1 This means a 

reduction of f i fty per cent in comparison with the 1980 RDA (400 /vg/day for both 

elderly males and females aged 51 years and over).62 The reason for lowering the 

folate RDA is based on studies which show that diets containing half as much 

folate as the 1980 RDA maintain adequate folate status.1,83 In Australia 200 fjg 
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folate per day is recommended for all age categories.57"59 The RDA in Europe for 

folate have not been reported in the review by Trichopoulou and Vassilakou.56 In 

the Netherlands, 200-300 //g/day is recommended for both elderly males and 

females aged 65 years and over.60 

Tabic 5. Dietary folate intakes (//g/day) and dietary adequacy. 

Author 

Free-flying elderly: 

Baghurst and 
Record, 1987 

Boston Nutritional 
Status Survey, 
1992 

Garry e ta l . , 1982 

Horwath, 1989 

Horwath et al., 
1992 

Millen Posner et 
al., 1987 

Payette and Gray-
Donald, 1991 

Ryanet al., 1992 

Reference 

(5) 

(7,71) 

(11) 

(14) 

(15) 

(23) 

(27) 

(30) 

Institutionalized elderly: 

Boston Nutritional 
Status Survey, 
1992 

(7,72) 

Sub-sample 

. 

60-69 yrs 

70-79 yrs 

80 + yrs 

-

. 

. 

65-74 yrs 

74 + yrs 

age groups 
combined 

Sex 

M 
F 

M 
F 
M 
F 
M 
F 

M 
F 

M 
F 

M 
F 

M 
F 

M 
F 

M 
F 
M 
F 

M 
F 

Mean 

292 
277 

282 
239 
278 
230 
260 
242 

nd 

193 
189 

233 
227 

162 

177 
165 

277 
268 
248 
228 

271 
239 

SEM 

nd 

13.7 
7.9 
12.1 
6.9 
19.6 
11.0 

nd 

2.1 
2.0 

4.3 
3.0 

26.8 

10.1 
9.0 

22.0 
17.8 
31.7 
18.6 

9.0 
5.0 

plO 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

p50 

255 
256 

245 
216 
263 
211 
244 
218 

nd 

187 
182 

nd 

nd 

173 
150 

nd 

265 
244 

p90 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

nd 

Dietary adequacy3 

2 8 % < RDAb 

3 0 % < RDA 

56% < %RDAC 

70% < %RDA 
5 2 % < %RDA 
74% < %RDA 
6 0 % < %RDA 
6 9 % < %RDA 

86% < RDAC 

9 1 % < RDA 

16% < %RDAb 

2 1 % < %RDA 

4% < %RDAb 

5% < %RDA 

nd 

4 0 % < %RDAd 

2 8 % < %RDA 

2 2 % < %RDAe 

15% < %RDA 
2 1 % < %RDA 
2 7 % < %RDA 

52% < %RDAC 

65% < %RDA 

Several versions of the RDA have been used as reference, see other footnotes. 
Australian NHMRC RDA 200//g/day for both men and women aged 65 + years, 1982.5 ' '58 

United States NRC RDA 400//g/day for both men and women aged 51 + years, 1980.62 

d Canadian RDA for men (205 //g/day) and women (190 //g/day), 1990.63 

e United States NRC RDA for men (200 //g/day) and women (180//g/day) aged 51 + years, 1989.' 
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Prevalence of dietary inadequacy 

During the reference period eight studies reported about the dietary folate intakes 

of elderly people (Table 5). In most of the larger studies, mean folate intakes were 

found to exceed the recommendations for folate intake as stated in the 1989 

version of the NRC R D A . 1 , 5 , 1 5 , 3 0 , 7 1 , 7 2 Baghurst et al.5 reported the highest dietary 

folate intakes in their population of 65-75 years old elderly residents of Adelaide, 

Australia (292 and 277 //g/day for men and women respectively). Mean dietary 

intakes below 200//g/day have been reported in three studies.14,23,27 Lowest mean 

intakes were found for women in the vulnerable group of homebound elderly with 

home medical care in Boston (162 fjg/day).23 

In the New Mexico longitudinal study of nutrition and aging11 as well as in 

the Boston Nutritional Status Survey7,71,72, prevalences of inadequate folate intakes 

of 50 per cent and more were reported. However, in these studies the ninth edition 

of the United States NRC RDA (400 //g) was used as a dietary standard which is 

twice as high as the current recommendations in most countries. Mean and median 

folate intakes were in the same order as found in the other studies and in the 

Boston Nutritional Status Survey84 six per cent of both males and females had 

dietary intakes of folate below two-thirds of the current RDA of 200 /jg for males 

and 180 fjg for females. 

Biochemical folate status was measured in nine of the reviewed 

studies.10,27,37,40,72,73,75,78"80,85 In general, the incidence of biochemical deficiency 

ranged from adequate status (free-living and institutionalized elderly)72,79 to 28 per 

cent deficiency (female nursing home residents).80 Ferro-Luzzi et al.37 found that 

51 per cent of the heavy drinking retirement home residents showed biochemical 

malnutrition. Although in two studies folate intake (including supplements) was 

positively associated with folate status27,85, the information is too limited to verify 

dietary intakes of folate with biochemical data in this review. 

It may be concluded that, although dietary folate intakes of apparently 

healthy elderly are adequate on a group level in most studies, the proportion of 

people with intakes below the current recommendations is rather high. As a 

consequence of that folate is a vitamin at risk with respect to inadequate dietary 

intakes. 
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