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Abstract
Objective—The purpose of this study was to compare the diet of healthy, free-living senior
volunteers to the dietary reference intakes (DRIs) and Food Guide Pyramid recommendations.

Methods—This study was a cross-sectional assessment of dietary habits, as measured using a
standardized food frequency questionnaire, among 1740 healthy Southwestern U.S. adults, aged 51
to 85 years. Assessment of independently-living volunteers to chemoprevention trials provides an
efficient mechanism to profile typical dietary habits among the older adult population.

Results—Daily estimated macronutrient intakes exceeded recommended proportions of protein
and fat. In contrast, more than 60% of this senior population reported dietary vitamin D, vitamin E,
folate and calcium intakes below estimated average requirements (EAR). Based on the Food Guide
Pyramid recommendations, fewer than 10% of the older adults consumed the recommended daily
dairy and grain servings. More females than males consumed recommended vegetable (49%
versus 40%) and fruit (53% versus 48%) servings (p <, 0.05). More males consumed recommended
grain (11% versus 7%) and protein (78% versus 73%) servings (p <, 0.05) than females.

Conclusions—Mean micronutrient intakes compared well with DRIs, although fewer than one-
half of these older adults consumed recommended levels for vitamin D, vitamin E, folate, and calcium
or daily food servings of dairy, grains, vegetables or fruits. Since the beneficial aspects of foods are
not limited to essential nutrients, nutrition recommendations to older adults may be improved by
emphasizing daily servings of nutrient-dense choices within the Food Pyramid.
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INTRODUCTION
The US population is aging, with the Census Bureau predicting that the number of citizens
over the age of 65 years will increase from 34.6 million in 2000 to 69.4 million in the year
2030 [1]. One of every five Americans will be among this group for whom nutrition standards
continue to be a subject of discussion [2-5]. Studies of current dietary practices have not always
separated the eating patterns of healthy, free-living senior adults from older adults whose
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patterns may be altered by chronic disease, disabilities, or institutionalization [1,2,5,6]. While
institutionalized or diseased populations are an important focus, research which describes the
dietary needs of the free-living, healthy older population is essential to understanding nutrition
challenges for the next century [7-13].

The Recommended Dietary Allowances (RDAs) and the Food Guide Pyramid provide two
distinct approaches to evaluating dietary adequacy [14,15]. Several researchers have suggested
that specific RDA levels of essential nutrients need to be modified for males and females over
the age of 50 years [2-5,7], a change which is occurring as the Dietary Reference Intakes (DRIs)
are established [16-19]. Development of the DRIs includes review of data that link nutrient
needs to physiological changes and protection against specific age-related chronic diseases or
conditions and provide a broader framework for counseling individuals or groups with specific
diseases or disease-risks [16-19]. A modified Food Guide Pyramid has also been developed
recently to meet the needs of older individuals whose total energy intakes may be diminishing
[20]. Comparison of actual dietary practices with the Food Guide Pyramid recommendations
might be particularly useful for older population groups, since there appears to be a reliance
on nutritional supplements to meet vitamin and mineral requirements in this population
[21-26]. Use of supplements enhances the apparent specific nutrient density of diets without
increasing the level of other food components whose beneficial roles are just beginning to be
appreciated [9,27,28].

In this paper we present an analysis of the dietary intake of men and women aged 51 years and
older who participated in a large, phase III chemoprevention trial of persons at risk for skin
cancer [29,30]. The typical dietary intake of these healthy adults, as assessed by food frequency
questionnaires, was compared to standards for evaluating dietary adequacy. Use of dietary data
collected at baseline in such large trials is an economical and efficient source of data for healthy,
free-living older adults.

METHODS
Population

Moderately sun-damaged, healthy adults living in Arizona who were between the ages of 21
and 85 were eligible for the double-blind trial of the efficacy of oral vitamin A (25,000 I.U.
daily) versus placebo as a skin chemopreventive agent. In this study moderate sun damage was
defined as having ten or more clinically apparent precursor lesions on the forearms. Approval
for the trial was received by the University of Arizona Human Subjects Committee. The design
and results of this trial have been previously published [29,30]. Exclusion criteria included
fewer than ten clinically apparent precursor lesions (actinic keratoses) on forearms, greater
than two previous non-melanoma skin cancers, any other cancer or treatment for cancer within
the preceding five years, supplementation of vitamin A exceeding 10,000 I.U. daily (>2 × the
RDA) or blood assessment values outside of normal limits. Between 1985 through 1989, 1955
participants aged 51 years and older were randomized into the five-year study. This report
focuses on the 1740 men and women who completed the baseline dietary questionnaire, 89%
of the eligible older participants.

Participants were excluded from this analysis if baseline food frequencies were not completed
(9.2%), multiple items on the questionnaire were skipped (1.2%) or reported daily energy levels
were greater than 200% or less than 50% of estimated energy expenditure (0.6%), based on
the World Health Organization equations for daily energy needs [31]. Reported daily energy
intake compared to estimated daily requirement has been used by other studies to assess the
appropriateness of dietary information [32,33]. There were no statistically significant
differences between those without diet data and those with diet data for age, level of education,

Foote et al. Page 2

J Am Coll Nutr. Author manuscript; available in PMC 2009 February 9.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



gender, smoking history, supplement use, physical activity or body mass index (BMI - kg/
m2).

Diet Assessment
Shortly after recruitment, study staff provided verbal, in-person introduction of the Arizona
Cancer Center semi-quantitative food frequency questionnaire (AFFQ) to each study
participant. Participants were given the choice of completing the questionnaire at the clinic or
taking it home and returning it at their next clinic visit. The questionnaire was designed to be
self-administered. Returned questionnaires were reviewed by study staff for completeness or
clarification, if necessary.

The AFFQ was the dietary assessment portion of the Block Health Habits and History
Questionnaire (HHHQ) [34]. The precision, accuracy and validity of this questionnaire has
been examined through comparison with four-day food records and repeated administration
[34-37]. Since its validation, the questionnaire has been used in numerous regional and National
assessments of dietary intakes. The AFFQ consists of 98 food items grouped into nine
categories of foods. Pictures and reference measurements of commonly used portion sizes for
food items were used to assist in questionnaire completion. Information was sought regarding
preparation methods and commonly used ingredients. This information modified the nutrient
composition analysis to account for food preparation choices.

The AFFQ has an extensive and comprehensive food composition database that is updated and
maintained to ensure current and accurate nutrient information [38]. The United States
Department of Agriculture (USDA) composition database is used and enhanced with nutrient
data from the National Food Consumption Survey and other sources as available [39,40].
Modifications include the addition of commonly eaten Southwestern foods and increased detail
for fiber-containing foods [38].

Baseline assessments also included demographic and medical history questionnaires that
assessed supplement use. Brand name information was used to code vitamin and mineral
supplement intake.

Analysis
Estimated daily nutrient intakes from diet alone and diet plus supplements were summarized
for each participant. Mean micronutrient intakes were calculated along with the proportion
consuming less than the recommended level. Recommended levels of micronutrients were the
Estimated Average Requirement (EAR) or Average Intake (AI) according to DRI definitions
of intake values to assess nutrient adequacy among population groups [16,17,19]. Unlike RDA
levels that are set at values above that required for most persons, the EAR levels are nutrient
intakes that should meet requirement levels for half of the healthy individuals in a group [16,
17,19]. Using this definition, it is expected that reported intakes of 50% of the population will
be above the DRI level and 50% will be below. If more than 50% of a population report
consuming a specific nutrient in amounts below the recommended level, that nutrient is at risk
for inadequate intake and considered a cause for concern. Having more than 50% of the
population report intakes below the EAR is equivalent to having two-thirds of the population
report intake levels below the RDA. Two-thirds of the (1989) RDA level was used as the
recommended level for nutrients for which no DRIs were available [14].

Using the frequency and serving size information, each subject's number of daily Food Guide
servings was calculated. The daily food servings of the five Food Guide Pyramid Food groups
were then estimated by combining the number of servings of all items included in the specific
major food group. Food items such as sugar, butter, coffee, tea and diet drinks were not primary
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contributors to any major food group and did not add to the daily serving intake. Mixed food
items such as spaghetti, pizza, or macaroni and cheese contributed to each food group category
for which the item added one-fourth of a serving amount or more. This method of summarizing
food servings based on obvious classifications is consistent with other studies [7,9,41]. This
method, however, underestimates servings compared to assessments using the USDA food
grouping system, which includes small amounts extracted from dis-aggregated food mixtures,
for example adding the amount of nonfat milk solids found in hamburger buns to dairy servings
rather than simply considering the entire bun within the grain servings [43,44]. Age- and
gender-specific daily recommended servings of each food group were from the USDA
documentation of the derivation of the Healthy Eating Index [42]. Each participant's daily food
servings were energy adjusted to minimize confounding. The USDA reference male and female
older than 50 years of age is light to moderately active and consumes 2300 and 1900 kilocalories
daily, respectively. Adjusted daily servings equaled daily servings divided by the ratio of
caloric intake to caloric intake of the appropriate reference (i.e. adjusted fruit servings for a
male participant = estimated daily fruit servings ÷ daily caloric intake/2300 daily kcals of
reference male).

Daily food servings were also compared to recommended levels of the modified Food Guide
Pyramid, developed for adults older than 70 years of age [20]. The recommended daily servings
of the Modified Food Guide Pyramid were not gender specific. These recommendations were
based on minimal servings of nutrient-dense foods within the five food groups to ensure
adequacy when daily energy intake was 1200 to 1600 kilocalories [20].

Participant characteristics were summarized from the demographic and medical history
questionnaires. Demographic information of study participants was self-reported, including
the weight and height data that were utilized to calculate body mass index (BMI = kg/m2). The
validity of self-reported weights and heights has been shown in previous studies [45].

Mean macronutrient, micronutrient and daily food servings for the Food Guide Pyramid were
calculated by gender for two age groups: 51 to 70 and 71 to 85 years of age. Macronutrient
intake was compared to the RDAs for energy and protein and Healthy People 2000, which
specifies levels of carbohydrate, total and saturated fat and dietary fiber [14,46]. Also, the
percentage of individuals consuming a specific nutrient or food group below recommended
levels was determined by age and gender.

The SAS Statistical software program, version 6.12, was used for all statistical analyses [47].
Student's t test was used to examine BMI differences by gender. Mean nutrient levels were
tested for age and gender differences using the general linear model procedure for unequal
group size. Chi square analysis was used to test the difference in distribution of percentage of
participants consuming less than nutrient DRI levels or Food Guide Pyramid recommended
servings between age groups and gender. A p value of less than 0.05 was considered significant.

RESULTS
As shown in Table 1, this Southwestern population of volunteers in a chemoprevention trial
was highly educated and reported low current smoking but high previous tobacco use. More
than two-thirds reported use of dietary supplements. Significantly more males were married
(89% versus 64%), engaged in active sports (7% versus 3%) and were current or former
smokers (66% versus 48%) compared to females. Females reported more daily supplement use
than males (58% versus 43%). The mean body mass index (BMI ± SEM) was 25.7 ± 0.1 and
24.8 ± 0.2 for males and females, respectively. Among males, BMI decreased significantly
with age (p <, 0.00002) whereas no difference with age was observed among females (data not
shown).
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Mean energy and macronutrient intakes of study participants are provided by age and gender
and compared with recommendations (Table 2). The RDAs recommend daily energy intakes
of 2300 and 1900 kilocalories for males and females older than 50 years of age, including 63
grams and 50 grams of protein daily [14]. Healthy People 2000 recommends that no more than
30% of daily energy should be consumed as fat, of which a maximum of one-third should be
saturated fat [46]. The objectives include increased consumption (up to 60% of daily energy)
of complex carbohydrates, specifically vegetables, fruits and grains, including a minimum of
10 grams of dietary fiber per 1000 kilocalories of daily energy [46]. Mean protein and fat
intakes among the older adults were above recommendations for all gender and age strata,
while reported energy, carbohydrate and fiber intakes were substantially below current goals.
Males aged 51 to 70 years reported significantly higher intakes of daily energy, protein, total
and saturated fat compared to males aged 71 to 85 years.

Table 3 presents results of diet alone and diet plus any supplemental amounts for the entire
study population. As noted in Table 1, 73% of the study subjects took supplements which
significantly increased the mean intake of all nutrients except the rarely supplemented vitamin
K. Mean dietary intake of all vitamins except vitamin D, vitamin E and folate met recommended
levels. However, the percentage of persons with low intake, as recommended by the EAR,
varied. Incorporating supplement use into the assessment generally decreased the proportion
with low intake. For vitamins A, K and B12, fewer than 10% reported intakes below
recommended levels. In contrast, over 90% of the older adults reported dietary vitamin D intake
below EAR levels, over 73% reported low vitamin E intakes and over 50% reported folate
intakes below EAR. The mean level of niacin intake among the study population was
substantially increased from supplementation by 45% and 53% of the older males and females,
respectively. Supplemental niacin amounts reached or exceeded DRI tolerable upper limits
(ULs) among 35% of the older adults.

Mineral intake from diet alone and diet plus any supplemental amounts for the entire study
population are given in Table 4. Mean dietary intakes of all minerals, except calcium, met
recommendations. Supplement use slightly decreased the percentage reporting low intakes;
however, fewer older adults reported taking mineral supplements compared to vitamins.
Phosphorus and iron were the only minerals for which less than 10% of the population reported
intakes below the EARs. More than 80% of the older men and women reported calcium intakes
below recommended levels. Dietary magnesium intake was below recommendations for more
than 55% of older adult males, although the majority of females met EAR intake levels.
Supplementation only minimally reduced the proportion of males with intakes below EAR
levels. More than 23% of the older adults reported supplemental intakes of magnesium (not
including dietary amounts) at levels which met or were above the tolerable upper limits (ULs)
as recommended by the DRIs.

Table 5 compares daily energy-adjusted food group servings to recommendations of the
traditional Food Guide Pyramid and mean daily food servings (not energy-adjusted) to the
Modified Food Pyramid for older adults. Regardless of the standard used for food group
assessment, men and women of this Southwestern population reported consuming daily grain
and dairy servings at substantially fewer than the recommended level. Ten percent or fewer of
the older adults consumed the recommended daily servings of grain and dairy foods. Mean
daily servings of vegetables and fruits approximated the recommended levels, although less
than 50% of the study population met daily vegetable intake recommendations and only slightly
more met daily fruit serving recommendations. Significantly more women than men consumed
the recommended daily servings of vegetables (49% versus 40%) and fruits (53% versus 48%,
p <, 0.05). Both men and women on average exceeded recommended levels for daily servings
of meats/proteins.

Foote et al. Page 5

J Am Coll Nutr. Author manuscript; available in PMC 2009 February 9.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



DISCUSSION
This cross-sectional assessment of dietary habits among healthy, free-living, aging volunteers
compared usual nutrient intake information among older adults to two primary standards of
intake: DRIs and Food Guide Pyramid recommendations. Although participants were from a
specific geographical region, the observed levels and age-related reductions in total energy and
macronutrients in these Southwestern senior adults compared well with results from other
studies, including NHANES III [7,11,41,48-52]. Typical daily energy intakes approximating
2000 kcals and 1600 kcals for older males and females respectively, are reported in studies
despite differences in assessment methods that range from a single 24-hour recall used in
NHANES III to multiple-day recalls, food records and FFQs [7,11,23,48-50,52]. The less than
recommended level of energy intake and nutrients at risk for low consumption seen in this
study and others, provide evidence that nutritional guidance to older citizens should emphasize
selection of more nutrient-dense foods to ensure recommended nutrient levels are met in spite
of the age-related reduction in intake.

Vitamin D was inadequately consumed by more than 90% of older participants and calcium
intakes were substandard for more than 80%. Fewer than 5% of study participants consumed
the recommended daily dairy servings, foods that are rich sources of calcium and vitamin D.
Other studies have reported recent declines in dairy consumption, suggesting that the public
health emphasis to decrease dietary fat also diminished consumption of dairy products [10,
53]. This decreased intake of vitamin D may be a particular problem among the elderly who
are concerned with skin cancer and who purposefully limit their ultraviolet light exposure,
another important mechanism for maintaining vitamin D status. Increasing consumption of
lower fat dairy products would provide seniors with a high quality protein source along with
concentrated sources of calcium and vitamin D. The new DRIs for vitamin D and calcium are
above the previously recommended levels of intake. Failure to maintain bone mineralization
with aging and the need to reduce the growing prevalence of osteoporosis among the aging
factored into the higher standards [2-5,17,18]. Previous studies in which inadequate intakes
were defined as intake levels at less than 2/3rds of the RDA reported inadequate intakes of
vitamin D among 31% to 74% and of calcium among 13% to 54% of older adults [11,21,52].
The critical need for improvement in nutrients associated with bone health is apparent with the
finding that more than four out of every five older adults reported inadequate intakes of vitamin
D, calcium and dairy foods.

More than half of study participants reported low dietary folate intakes. Intakes of dietary folate
at levels below 2/3rds of the RDA are reported among 28% to 84% of other older adult
populations [11,21,23,52]. Leafy vegetables, yeast, legumes and some fruits are rich folate
sources, although folate is prone to destruction during food preparation and storage. In this
study, more than half of senior participants consumed inadequate servings of vegetables and
fruits. Increased consumption of daily servings of uncooked vegetables and fruits would
substantially increase the observed low dietary folate intakes. Recommended levels for folate
are higher in the current DRIs to reflect evidence that folate intake can lower the atherogenic
rise in plasma homocysteine associated with aging [14,16,18]. Eating in accord with
recommendations from the Food Guide Pyramid would not only reverse low dietary folate
levels, but could also provide additional benefits. Fruits and vegetables are low fat sources of
essential micronutrients, phytoestrogens and fiber, and increased consumption is associated
with reductions in coronary mortality and cancer incidence [27,54,55]. Other studies have also
reported low daily consumption of these important food groups [7,9,22,25]. Significantly more
women than men consumed the minimal daily vegetable and fruit servings of the Modified
Food Guide Pyramid.
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Dietary vitamin E intakes were below the EAR for more than 70% of the older adults. Previous
studies have reported 17% to 48% of older adults with vitamin E intakes at levels below 2/3rds
of the RDAs [7,23,52]. Vegetable oils, nuts, peanut butter and wheat germ are good dietary
sources of vitamin E along with whole grains. In this study, older adults reported eating fewer
than half of the recommended daily servings of grains. Whole or unrefined grains provide fiber
and other non-nutritive components and are associated with reduced risk of cardiovascular
disease, diverticulosis, other chronic diseases and some cancers [9,20,56,57]. In addition to its
being a rich source of fiber, older adults should be encouraged to select whole grain, enriched
and fortified grain foods to provide additional sources of B vitamins and improve intake of
vitamin E and fiber. Enriched and fortified grains are recommended due to uncertainty in the
physiological availability of vitamin B12 and the ease with which folate can be destroyed during
food preparation [16,18].

The high use of supplements within this population, 73%, was above the use reported in other
studies of older adults [11,17,23-26]. Almost half of the study participants reported daily use
of vitamin and/or mineral supplements, while another 25% reported regular use, but not on a
daily basis. Other studies have noted an association between education and supplement use
[26]. Supplementation levels may be higher in this study due to the fact that participants were
volunteers to an intervention trial of an oral agent, which purposely selected adults who could
consistently take pills. Although most participants reported use of some supplements,
substantial proportions still did not meet some of the recommended DRI for all nutrients.
Recommended levels of vitamins B12 and folate stated in the DRIs assume intake of fortified
or supplemental forms to ensure bioavailability among older adults. The Modified Food Guide
Pyramid also recommends that adults over seventy years of age consume vitamin D, B12 and
calcium supplements. In general, results from this population of older adults supports these
recommendations for supplements. Only one-fifth of the older adults reported adequate intake
levels of vitamin D and calcium. Although dietary vitamin B12 intakes were at acceptable
levels, poor absorption prevalent among older individuals, in contrast to the potential for
neurologic benefit, suggests supplementation may be advantageous [16,18]. Widespread
supplementation of micronutrients, however, should be discouraged. More than 20% of the
older adults assessed in this study population consumed supplemental magnesium at levels
which reached or exceeded the Tolerable Upper Limit (UL) levels of the DRIs. More than one-
thirds of the older adults reported supplemental niacin intake that met or exceeded ULs. It is
possible that a proportion of the high niacin supplementation was pharmacologic, used for
lowering serum cholesterol. While supplementation may play an important role in achieving
physiological or preventative levels of specific micronutrients, supplements do not contribute
other beneficial dietary components, such as fiber [7,22,21]. Although dietary levels of vita-
min C met recommendations, increased fruit and vegetable consumption would also increase
fiber intake that was at only half the recommended levels.

Comparison of dietary intake with the Food Guide Pyramid recommendations highlights the
food groups at risk for critically low intakes in the diet of older individuals. High protein and
meat intake reported here suggests latitude for dietary improvement. In this population,
reported intake exceeded all the protein recommendations, whether assessed as proportion of
macronutrient intake or daily servings of foods from the meat and protein group. In contrast
to studies of aging adults living in care facilities, studies of community-dwelling older adults
and NHANES III report protein intakes at or above recommended levels. Mean daily grams
of protein intake among older adults range from 67 grams to 85 grams for males and 52 grams
to 68 grams daily for females in these previous reports [7,11,23,48,49,52]. The relatively high
meat consumption among these Southwestern seniors ensured that vitamin B12 intakes were
also above recommended levels, in contrast to studies that identified vitamin B12 as a problem
nutrient for older adults [11,21]. However, a substantial proportion of the excessive dietary fat
intake among these older adults was a consequence of the protein consumption. The selection

Foote et al. Page 7

J Am Coll Nutr. Author manuscript; available in PMC 2009 February 9.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



of leaner protein sources and increased intake of fish would simultaneously decrease fat intake
while allowing consumption of more grain, vegetable, fruit and nonfat dairy products within
the same total energy intake.

As with any dietary survey, this study's findings are based on an estimate of intake which may
not reflect tissue levels or variations in nutrient absorption. Although the dietary assessment
occurred during baseline of a five-year chemoprevention trial, energy, macronutrient and
micronutrient levels within the study population are consistent with results of other studies of
older adults including NHANES III [7,11,21-23,41,48-52]. Most of the previous studies,
however, assessed the dietary intake using three-day food records or a 24-hour recall [7,11,
48-50]. Food frequency questionnaires have been used reliably among older adults in previous
studies [41,51,59]. FFQs are considered prone to both overestimates and underestimates of
true intake, depending on both the cognitive ability of the population being sampled and the
inclusiveness of the food list [60,61]. Few FFQs among this older volunteer population were
excluded due to being incomplete (1.2%) or reporting energy intakes in extreme excess or
deficiency compared to estimated daily energy requirements (0.6%). However, FFQs are
designed to assess the nutrient intake over a longer, more representative time period (e.g. one
year). Since determination of usual dietary habits among healthy, free-living, older adults was
a primary goal of this study, the completion of dietary assessments using AFFQs should be
viewed as a strength. FFQs, however, are list-based assessments and may inadequately prompt
for items not listed resulting in reports of fewer foods and nutrients than truly consumed. The
food group serving method used in this study classified foods simply by obvious food group
classifications; this could also reduce reported food serving intake. Despite the potential for
low food group serving counts compared to actual intake, results of the present study indicating
inadequate consumption of dairy, vegetable, fruit and grain foods among older adults are
consistent with food groups found to be at risk for low consumption in previous research [7,
41,48-51,56,58]. Inadequate dairy food consumption was a primary finding among studies
assessing the diets of older adults [7,41,62]. Results of the Behavioral Risk Factor Surveillance
System (BRFSS) and NHANES III indicate fewer than one-third of older Americans are
consuming the recommended five or more fruits and vegetables daily [58,63]. Two National
dietary surveys indicated grain intake among older adults “needs improvement,” with more
whole grain foods encouraged [58,62]. The protein intake found among older Americans in
NHANES III raised concern as higher intakes are associated with increased urinary calcium
excretion and potential fracture risk [58]. Similar to the food group results, nutrients found at
risk for low intake among the Southwestern older adults, vitamin D, vitamin E, folate and
calcium, have been found to be at risk for low intake in other studies of older adults [7,11,23,
41,53].

The study population may not be reflective of all older individuals since the clinical trial
included only participants who were considered at moderate risk for skin cancer as determined
by a dermatological screening. As the occurrence of sun-induced premalignant lesions and risk
of skin cancer are greater among males than females, the recruited study population was
predominantly male (70%). Volunteers to prevention studies are typically healthy, educated,
above poverty level in socioeconomic status and may express greater interest in their health
and belief in being able to positively effect their well-being than members of the general
population. Additionally, it is well accepted that there is geographical variation in dietary
intake; fruits and vegetables are more readily available in a temperate climate, and seasonal
differences in consumption are minimized.

Despite the aforementioned limitations, the age-related reductions in macronutrient intake,
mean micronutrient intakes which approximated DRI levels and problem micronutrients
among the study participants were similar to those reported in other studies of older adults.
Vitamins D, E, folate and calcium were at critically high risk for low intake and remained so
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even after including additional amounts from the high prevalence of supplementation. The
similarity in the dietary habits of the study participants with those reported in other nutritional
studies of older adults suggests that prevention trial subjects can provide a rich and cost-
effective resource to characterize and monitor nutritional needs and trends for this growing
segment of the U.S. population.

The lower levels of energy intake reported among this and other populations of older adults
indicate several nutritional challenges. More daily servings of dairy, grain, fruit and vegetable
foods are needed although, on average, these seniors do not report weight loss associated with
negative energy balance. Fifty-eight percent of these older adults reported maintaining a
constant weight, while 21% report gaining five pounds or more over the previous year. More
than 27% of the study population reported BMIs above 27; more than half of the older adults
had BMIs above 25. A recent report from the Centers for Disease Control and Prevention
estimates that 47% to 63% of adults older than 55 years are overweight and an increasing
prevalence of overweight among older adults was specified as a public health concern in the
NHANES III report [58,63]. Fewer than one-third of the healthy older volunteers reported
regular exercise, and fewer than 6% reported that such exercise could be considered “active”
exercise such as playing tennis. Healthy People 2000 objectives include increasing the
proportion of adults who engage in physical activity to at least 85%, increasing the proportion
of adults who engage in vigorous activity to 20% and decreasing total dietary fat intake to 30%
of daily energy [46]. The addition of physical activity along with decreasing the 10% of daily
energy from sweets and the 38% from dietary fat would allow these older adults to select the
needed increased servings of dairy, whole grain and fiber-rich vegetables and fruits while
maintaining energy balance. More than 30% of the men and almost 60% of the women in the
study reported daily energy intakes below 1600 kilocalories. Nutrition messages aimed at older
adults need to focus on the selection of nutrient-dense foods from the various food groups to
ensure nutrient adequacy at these lower daily energy levels.

CONCLUSIONS
The typical dietary results reported in this assessment of healthy, Southwestern seniors were
consistent with nationally representative samples of adults aged 50 and older. Despite high
levels of supplement use, more than half of the older adults were at risk for inadequate levels
of vitamin D, vitamin E, folate and calcium. The majority of the older adults reported BMIs
above 25, despite energy intakes which appeared “reduced” in comparison to those of younger
or more active adults. Dietary components, however, indicate viable options for improvement.
The selection of fewer daily servings of higher quality protein foods from the meat and protein
group would allow the replacement of excessive dietary fat and protein with dairy and grain
foods. Fiber and micronutrient levels associated with reductions in age-related disease risks
could be improved through the selection of fortified and whole grain foods and fruit and
vegetable intake. Only half of the surveyed older adults were meeting “5 A Day”
recommendations for fruit and vegetable servings.

The results of this study, comparing nutrient and food group intakes among healthy, free-living,
older adults, suggest guidance and encouragement in the selection of nutrient-dense foods from
the five food groups of the Food Guide Pyramid may provide specific, yet tangible tools to
improve dietary intake among the growing older adult population.

ACKNOWLEDGEMENTS
Supported by funds from the National Cancer Institute (CA78192, CA27502).

Foote et al. Page 9

J Am Coll Nutr. Author manuscript; available in PMC 2009 February 9.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



REFERENCES
1. US Census Bureau Population Division, Population Projections Branch. 1999.

www.census.gov/population/projections/nation/, last update May 3
2. Hegsted DM. Recommended dietary intakes of elderly subjects. Am J Clin Nutr 1989;50:1190–1194.

[PubMed: 2683728]
3. Russell RM, Suter PM. Vitamin requirements of elderly people: an update. Am J Clin Nutr 1993;58:4–

14. [PubMed: 8317387]
4. Feldman EB. Aspects of the interrelations of nutrition and aging - 1993. Am J Clin Nutr 1993;58:1–

3. [PubMed: 8317378]
5. Blumberg J. Nutritional needs of seniors. J Am College Nutr 1997;16:517–523.
6. Davis MA, Murphy SP, Neuhaus JM, Lein D. Living arrangements and dietary quality of older US

adults. J Am Diet Assoc 1990;90:1667–1672. [PubMed: 2246446]
7. Ryan AS, Craig LD, Finn SC. Nutrient intakes and dietary patterns of older Americans: a National

study. J Gerontology 1992;47:M145–M150.
8. Trudeau E, Kristal AR, Li S, Patterson RE. Demographic and psychosocial predictors of fruit and

vegetable intakes differ: implications for dietary interventions. J Am Diet Assoc 1998;98:1412–1417.
[PubMed: 9850109]

9. Millen BE, Quatromoni PA, Gagnon DR, Cupples LA, Franz MM, D'Agostino RB. Dietary patterns
of men and women suggest targets for health promotion: the Framingham nutrition studies. Am J
Health Promotion 1996;11:42–53.

10. Bogan AD. Nutrient intakes of senior women: balancing the lowfat message. Canadian J Public Health
1997;88:310–313.

11. McGandy RB, Russell RM, Hartz SC, Jacob RA, Tannebaum S, Peters H, Sahyoun N, Otradovec
CL. Nutritional status survey of healthy noninstitionalized elderly: energy and nutrient intakes from
three-day diet records and nutrient supplements. Nutrition Research 1986;6:785–798.

12. Coulston AM. Limitations on the adage “eat a variety of foods”? [Editorial]. Am J Clin Nutr
1999;69:350–351. [PubMed: 10075315]

13. McCrory MA, Fuss PJ, McCallum JE, Yao M, Vinken AG, Hays NP, Roberts SB. Dietary variety
within food groups: association with energy intake and body fatness in men and women. Am J Clin
Nutr 1999;69:440–447. [PubMed: 10075328]

14. National Research Council. Recommended Dietary Allowances. Vol. 10th ed.. National Academy
Press; Washington, DC: 1989.

15. United States Department of Agriculture, Human Nutrition Information Service. The Food Guide
Pyramid. USDA; Washington DC: 1992. Home and Garden Bulletin No 252

16. The Food and Nutrition Board. Dietary Reference Intakes for Thiamin, Riboflavin, Niacin, Vitamin
B6, Folate, Vitamin B12, Pantothenic Acid, Biotin, and Choline, Introduction to Dietary Reference
Intakes. National Academy Press; Washington, DC: 1998.

17. The Food and Nutrition Board. Dietary Reference Intakes for Calcium, Phosphorus, Magnesium,
Vitamin D and Fluoride, Introduction to Dietary Reference Intakes. National Academy Press;
Washington, DC: 1997.

18. Yates AA, Schlicker SA, Suitor CW. Dietary reference intakes: the new basis for recommendations
for calcium and related nutrients, B vitamins, and choline. J Am Diet Assoc 1998;98:699–706.
[PubMed: 9627630]

19. The Food and Nutrition Board. Dietary Reference Intakes for Vitamin C, Vitamin E, Selenium and
Carotenoids. National Academy Press; Washington, DC: 2000.

20. Russell RM, Rasmussen H, Lichtenstein AH. Modified food guide pyramid for people over seventy
years of age. J Nutrition 1999;129:751–753. [PubMed: 10082784]

21. Hartz SC, Otradovec CL, McGandy RB, Russell RM, Jacob RA, Sahyoun N, Peters H, Abrams D,
Scura LA, Whinston-Peters RA. Nutrient supplement use by healthy elderly. J Am College Nutr
1988;7:119–128.

22. Lyle BJ, Mares-Perlman JA, Klein BEK, Klein R, Greger JL. Supplement users differ from nonusers
in demographic, lifestyle, dietary and health characteristics. J Nutr 1998;128:2355–2362. [PubMed:
9868181]

Foote et al. Page 10

J Am Coll Nutr. Author manuscript; available in PMC 2009 February 9.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.census.gov/population/projections/nation/


23. Garry PJ, Goodwin JS, Hunt WC, Hooper EM, Leonard AG. Nutritional status in a healthy elderly
population: dietary and supplemental intakes. Am J Clin Nutr 1982;36:319–331. [PubMed: 7102588]

24. Patterson RE, Kristal AR, Levy L, McLerran D, White E. Validity of methods used to assess vitamin
and mineral supplement use. Am J Epidemiol 1998;148:643–649. [PubMed: 9778170]

25. Houston DK, Johnson MA, Daniel TD, Poon LW. Health and dietary characteristics of supplement
users in an elderly population. Internat J Vit Nutr Res 1997;67:183–191.

26. Freeman MS, Sargent RG, Sharpe PA, Waller JL, Powell FM, Drane W. Cognitive, behavioral, and
environmental correlates of nutrient supplement use among independently living older adults. J Nutr
Elderly 1998;17:19–40.

27. Knekt P, Reunanen A, Jarvinen R, Seppanen R, Heliovaara M, Aromaa A. Antioxidant vitamin intake
and coronary mortality in a longitudinal population study. Am J Epidemiol 1994;139:1180–1189.
[PubMed: 8209876]

28. Kinyamu HK, Gallagher JC, Rafferty KA, Balhorn KE. Dietary calcium and vitamin D intake in
elderly women: effect on serum parathyroid hormone and vitamin D metabolites. Am J Clin Nutr
1998;67:342–348. [PubMed: 9459385]

29. Moon TE, Levine N, Cartmel B, Bangert J, Rodney S, Schreiber M, Peng YM, Ritenbaugh C,
Meyskens F, Alberts D, The Southwest Skin Cancer Prevention Study Group. Design and recuitment
for retinoid skin cancer prevention (SKICAP) trials. Cancer Epidemiol Biomarkers Prev 1995;4:661–
669. [PubMed: 8547834]

30. Moon TE, Levine N, Cartmel B, Bangert JL. Retinoids in the prevention of skin cancer. Cancer Letters
1997;114:203–205. [PubMed: 9103292]

31. WHO. Protein and Energy Requirements. World Health Organization Technical Report Series 724.
1985

32. Briefel RR, McDowell MA, Alaimo K, Caughman CR, Bischof AL, Carroll MD, Johnson CL. Total
energy intake of the US population: the third National Health and Nutrition Examination Survey,
1988–1991. Am J Clin Nutr 1995;62(Suppl):1072S–1080S. [PubMed: 7484924]

33. Briefel RR, Sempos CT, McDowell MA, Chien S, Alaimo K. Dietary methods research in the third
National Health and Nutrition Examination Survey: underreporting of energy intake. Am J Clin Nutr
1997;65(Suppl):1203S–1209S. [PubMed: 9094923]

34. Block G, Hartman AM, Dresser CM, Carroll MD, Gannon J, Gardner L. A data-based approach to
diet questionnaire design and testing. Am J Epidemiol 1986;124:453–469. [PubMed: 3740045]

35. Hartman AM, Block G, Chan W, Williams J, McAdams M, Banks WL Jr, Robbins A. Reproducibility
of a self-administered diet history questionnaire administered three times and over three different
seasons. Nutr Cancer 1996;25:305–315. [PubMed: 8771573]

36. Block G, Subar AF. Estimates of nutrient intake from a food frequency questionnaire: The 1987
National Health Interview Survey. J Am Diet Assoc 1992;92:969–977. [PubMed: 1640041]

37. Block G, Thompson FE, Hartman AM, Larkin FA, Guire KE. A comparison of two diet questionnaires
with multiple diet records collected over one year. J Am Diet Assoc 1992;92:668–693.

38. Giuliano, AR.; Marshall, JR. AFFQ Nutrient Database (Documentation Manual), Nutrition and
Behavioral Core Shared Service. Arizona Cancer Center; Tucson: 2000.

39. US Department of Agriculture, Human Nutrition Information Services. USDA Nutrient Data Base
for Standard Reference, Release 5. US Department of Commerce, National Technical Information
Service; Springfield, VA: 1985.

40. US Department of Agriculture, Human Nutrition Information Services. Food and Nutrient Intakes in
the United States, Nationwide Food Consumption Survey Report No 87-I-1. USDA; Washington,
DC: 1993.

41. Bartholomew AM, Young EA, Martin HW, Hazuda HP. Food frequency intakes and
sociodemographic factors of elderly Mexican Americans and non-Hispanic whites. J Am Diet Assoc
1990;90:1693–1696. [PubMed: 2131339]

42. United States Department of Agriculture, Center for Nutrition Policy and Promotion. The Healthy
Eating Index. CNPP-1. [available at www.usda.gov:80/cnpp/hei94-96.pdf]

43. Cleveland LE, Cook DA, Krebs-Smith SM, Friday J. Method for assessing food intakes in terms of
servings based on food guidance. Am J Clin Nutr 1997;65(Suppl):1254S–1263S. [PubMed: 9094930]

Foote et al. Page 11

J Am Coll Nutr. Author manuscript; available in PMC 2009 February 9.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.usda.gov:80/cnpp/hei94-96.pdf


44. Subar AF, Krebs-Smith SM, Cook A, Kahle LL. Dietary sources of nutrients among US adults, 1989
to 1991. J Am Diet Assoc 1998;98:537–547. [PubMed: 9597026]

45. Palta M, Prineas RJ, Berman R, Hannan P. Comparisons of self-reported and measured height and
weight. Am J Epidemiol 1982;115:223–230. [PubMed: 7058781]

46. U.S. Department of Health and Human Services. Healthy People 2000: National Health Promotion
and Disease Prevention Objectives. DHHS Publication 91−50212−91−50213; Washington, DC:
1991.

47. SAS Statistical Software System. Version 6.12. Copyright 1989–1996 by SAS Institute Inc, SAS
Campus Drive, Cary, N.C. 27513, USA

48. McDowell MA, Briefel RR, Alaimo K, Bischof AM, Caughman CR, Carroll MD, Loria CM, Johnson
CL. Energy and Macronutrient Intakes of Persons Ages 2 Months and Over in the United States:
Third National Health and Nutrition Examination Survey, Phase I, 1988–1991. Centers for Disease
Control and Prevention Advance Data. 1994No. 255

49. Neyman MR, Zidenberg-Cherr S, McDonald RB. Effect of participation in congregate-site meal
programs on nutritional status of the healthy elderly. J Am Diet Assoc 1996;96:475–483. [PubMed:
8621873]

50. Neyman MR, Block B, Johns M, Sutherlin JM, McDonald RB, Zidenberg-Cherr S. Effect of
participation in congregate-site meal programs on the energy and nutrient intakes of Hispanic seniors.
J Am Diet Assoc 1998;98:1460–1462. [PubMed: 9850118]

51. Phillips BE, Read MH. Malnutrition in the elderly: A comparison of two nutrition screening methods.
J Nutr Elderly 1997;17:39–48.

52. Payette H, Gray-McDonald K. Dietary intake and biochemical indices of nutritional status in an
elderly population, with estimates of the precision of 7-day food record. Am J Clin Nutr 1991;54:478–
488. [PubMed: 1877503]

53. Breslow RA, Subar AF, Patterson BH, Block G. Trends in food intake: The 1987 and 1992 National
Health Surveys. Nutr Cancer 1997;28:86–92. [PubMed: 9200155]

54. Gaziano JM, Manson JE, Branch LG, Colditz GA, Willett WC, Buring JE. A prospective study of
consumption of carotenoids in fruits and vegetables and decreased cardiovascular mortality in the
elderly. Ann Epidemiol 1995;5:255–260. [PubMed: 8520706]

55. Pillow PC, Duphorne CE, Chang S, Contois JH, Spitz MR, Hursting SD. Development of a database
for assessing dietary phytoestrogen intake. Nutr Cancer 1999;33:3–19. [PubMed: 10227038]

56. Jacobs DR Jr, Marquat L, Slavin J, Kushi LH. Whole-grain intake and cancer: An expanded review
and meta-analysis. Nutr Cancer 1998;30:85–96. [PubMed: 9589426]

57. Slavin J, Jacobs D, Marquat L. Whole-grain consumption and chronic disease: Protective
mechanisms. Nutr Cancer 1997;27:14–21. [PubMed: 8970176]

58. Federation of American Societies for Experimental Biology, Life Sciences Research Office. Third
Report on Nutrition Monitoring in the United States: Executive Summary. US Government Printing
Office; Washington DC: 1995.

59. Smith W, Mitchell P, Reay EM, Webb K, Harvey PWJ. Validity and reproducibility of a self-
administered food frequency questionnaire in older people. Aust N Z J Public Health 1998;22:456–
463. [PubMed: 9659773]

60. Kohlmeier L. Gaps in dietary assessment methodology: meal- vs list-based methods. Am J Clin Nutr
1994;59(Suppl):175S–179S. [PubMed: 8279419]

61. Kushi LH. Gaps in epidemiologic research methods: design considerations for studies that use food-
frequency questionnaires 1994;59(Suppl):180S–184S.

62. USDA Center for Nutrition Policy and Health Promotion. A Focus on Nutrition for the Elderly: It's
Time to Take a Closer Look. 1999. CNPP Nutrition Insights #14, (www.usda.gov/cnpp) July

63. Centers for Disease Control and Prevention. CDC Surveillance Summaries. Surveillance for Selected
public health indicators affecting older adults - United States. MMWR 1999;48(SS8)

Foote et al. Page 12

J Am Coll Nutr. Author manuscript; available in PMC 2009 February 9.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.usda.gov/cnpp


N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Foote et al. Page 13

Table 1
Demographic Characteristics of the Healthy, Older Free-Living Study Population, by Gender

Characteristic Males Females p value*

number (%) number (%)

Age group

    51−70 years 976 (78.6) 409 (82.1) 0.097

    71−85 years 266 (21.4) 89 (17.9)

Marital status

    Single, never married 27 (2.2) 19 (3.8) 0.001

    Married 1103 (88.8) 321 (64.5)

    Widowed 45 (3.6) 104 (20.9)

    Divorced/separated 67 (5.4) 54 (10.8)

Education

    Less than high school 92 (7.4) 33 (6.6) 0.009

    High school graduate 2105 (16.5) 110 (22.1)

    Some post-high school 412 (33.2) 182 (36.6)

    College graduate 245 (19.7) 80 (16.1)

    Graduate school 288 (23.2) 93 (18.7)

How often do you engage in physical exercise?

    Often 357 (28.7) 153 (30.7) 0.292

    Sometimes 492 (39.6) 210 (42.2)

    Never 387 (31.2) 1382 (26.5)

    No response 6 (0.5) 3 (0.6)

How often do you engage in active sports?

    Often 91 (7.3) 15 (3.0) 0.001

    Sometimes 141 (11.4) 31 (6.2)

    Never 1000 (80.5) 446 (89.6)

    No response 10 (0.8) 6 (1.2)

Smoking status

    Current smoker 134 (10.8) 55 (11.0) 0.001

    Former smoker 690 (55.6) 182 (36.6)

    Never smoker 418 (33.7) 261 (52.4)

Do you take vitamin or mineral supplements?

    Yes, daily 536 (43.2) 290 (58.2) 0.001

    Yes, sometimes 327 (26.3) 118 (23.7)

    No, never 379 (30.5) 90 (18.1)

Mean BMI kg/m2 (SEM) 25.7 (0.1) 24.8 (0.2) 0.0002

*
The Chi square test was used to determine gender differences in categorical distribution of characteristics, the Student's t test was used to determine

gender differences in mean values.
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Table 2
Estimated Daily Dietary Energy and Macronutrient Levels of Older Free-Living Seniors by Gender and Compared to
Dietary Recommendations

Males Females

Mean ± SEM % Goal* Mean ± SEM % Goal*

Energy (kcals)

    51−70 yr 2001 ± 21.4a 87.0 1571 ± 29.3 82.7

    71−85 yr 1863 ± 37.4 81.0 1555 ± 63.2 81.8

Protein (g)

    51−70 yr 76 ± 0.9a 120.6 63 ± 1.3 126.0

    71−85 yr 71 ± 1.5 112.7 60 ± 2.7 120.0

Carbohydrate (g)

    51−70 yr 210 ± 2.3 60.9 171 ± 3.6 60.0

    71−85 yr 202 ± 4.3 58.6 172 ± 7.6 60.4

Total fat (g)

    51−70 yr 87 ± 1.2a 113.4 67 ± 2.1 105.9

    71−85 yr 79 ± 2.1 103.0 66 ± 3.3 104.3

Saturated fat (g)

    51−70 yr 30 ± 0.4a 117.2 22 ± 0.6 104.3

    71−85 yr 27 ± 0.8 105.5 22 ± 1.3 104.3

Dietary fiber (g)

    51−70 yr 16 ± 0.2 69.6 15 ± 0.4 79.0

    71−85 yr 17 ± 0.4 73.9 15 ± 0.7 79.0

Males: 51−70 years, n = 976; 71−85 years, n = 266.

Females: 51−70 years, n = 409; 71−85 years, n = 89.

*
Goal levels of daily energy and protein are based on the RDAs [14]. Goal levels of carbohydrate, total and saturated fat, and dietary fiber are based on

the Healthy People 2000 [46].

a
significant difference between age groups, p < 0.05.
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Table 3
Estimated Mean Daily Micronutrient Intake from Diet Alone and Diet Plus Nutritional Supplements with Comparisons
to the Recommended Levels among Healthy, Free-Living Senior Volunteers (n = 1740)

Micronutrient (unit)
Dietary Intake Alone Diet Plus Supplements

Mean ± SEM <100% EAR/AI Mean ± SEM <100% EAR/AI

Vitamin Aa (RE)

    Males

        51−59 yr 1459.9 ± 24.3 8.9b 3931.3 ± 126.0 4.9

        71−85 yr 1505.2 ± 47.2 5.3b 4076.1 ± 279.0 4.1

    Females

        51−70 yr 1237.1 ± 31.6 7.1b 4240.8 ± 220.7 4.7

        71−85 yr 1238.4 ± 72.5 6.7b 4378.0 ± 497.5 3.4

Vitamin D (μg)

    Males

        51−70 yr 5.9 ± 0.12 88.5† 10.2 ± 0.34* 56.7†

        71−85 yr 5.9 ± 0.26 96.6 10.4 ± 0.54 81.2

    Females

        51−70 yr 5.4 ± 0.22 90.2† 11.4 ± 0.54* 52.1†

        71−85 yr 5.0 ± 0.42 97.8 10.3 ± 0.71 85.4

Vitamin E (TE)

    Males

        51−70 yr 10.0 ± 0.14 72.6 120.7 ± 8.08 35.9

        71−85 yr 10.1 ± 0.37 75.9 92.3 ± 11.36 38.4

    Females

        51−70 yr 8.3 ± 0.19 85.6 137.2 ± 12.71 36.4

        71−85 yr 8.5 ± 0.40 79.8 128.4 ± 26.70 31.5

Vitamin K (μg)c

    Males

        51−70 yr 134.2 ± 2.48 9.0b‡ 134.2 ± 2.48 9.0‡

        71−85 yr 132.3 ± 4.61 7.9b 132.3 ± 4.61 7.9

    Females

        51−70 yr 141.9 ± 3.78 3.2b 141.9 ± 3.78 3.2

        71−85 yr 158.1 ± 11.25 4.5b 158.1 ± 11.25 4.5

Thiamin (mg)

    Males

        51−70 yr 1.3 ± 0.02 20.5‡ 5.8 ± 0.95 11.6‡

        71−85 yr 1.3 ± 0.03 24.4 4.2 ± 0.57 15.4

    Females

        51−70 yr 1.1 ± 0.02 48.9 5.8 ± 0.79 22.7

        71−85 yr 1.1 ± 0.04 40.5 7.9 ± 2.51 19.1

Riboflavin (mg)

    Males
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Micronutrient (unit)
Dietary Intake Alone Diet Plus Supplements

Mean ± SEM <100% EAR/AI Mean ± SEM <100% EAR/AI

        51−70 yr 2.0 ± 0.03 11.8 4.7 ± 0.30 5.4

        71−85 yr 1.9 ± 0.05 13.2 4.4 ± 0.41 7.9

    Females

        51−70 yr 1.7 ± 0.04 15.4 6.1 ± 0.41 6.9

        71−85 yr 1.7 ± 0.09 12.4 6.0 ± 1.07 7.9

Niacin (mgNE)

    Males

        51−70 yr 20.2 ± 0.24* 11.4‡ 35.7 ± 1.84 6.1‡

        71−85 yr 18.9 ± 0.44 15.0 33.4 ± 1.58 9.4

    Females

        51−70 yr 15.7 ± 0.32 22.3 33.6 ± 1.50 9.8

        71−85 yr 15.1 ± 0.59 23.6 37.1 ± 3.59 10.1

Folate (μg)

    Males

        51−70 yr 329.4 ± 4.66 54.5‡ 504.7 ± 9.02 31.9

        71−85 yr 333.0 ± 9.98 54.9 524.7 ± 22.3 33.5

    Females

        51−70 yr 282.1 ± 6.9 71.9 504.3 ± 14.93 33.0

        71−85 yr 284.3 ± 12.9 70.8 507.5 ± 29.27 32.6

Vitamin B6 (mg)

    Males

        51−70 yr 2.0 ± 0.02 56.5 5.2 ± 0.35 12.2

        71−85 yr 2.1 ± 0.06 55.3 9.0 ± 3.86 14.3

    Females

        51−70 yr 1.9 ± 0.04 38.1 7.5 ± 1.06 12.2

        71−85 yr 1.9 ± 0.08 37.1 6.4 ± 1.08 12.4

Vitamin B12 (μg)

    Males

        51−70 yr 5.9 ± 0.12 5.8 15.1 ± 1.66 4.6

        71−85 yr 5.7 ± 0.27 6.0 12.0 ± 0.94 5.6

    Females

        51−70 yr 5.5 ± 0.19 8.8 21.2 ± 2.97 5.6

        71−85 yr 5.1 ± 0.51 14.6 24.8 ± 6.85 9.0

Vitamin C (mg)

    Males

        51−70 yr 155.3 ± 3.28 15.0 424.1 ± 21.31 8.2

        71−85 yr 159.2 ± 4.71 12.0 356.4 ± 33.00 5.6

    Females

        51−70 yr 155.2 ± 5.66 8.1 487.5 ± 31.76 3.2

        71−85 yr 162.6 ± 11.12 10.1 444.6 ± 44.68 1.1
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Micronutrient (unit)
Dietary Intake Alone Diet Plus Supplements

Mean ± SEM <100% EAR/AI Mean ± SEM <100% EAR/AI

a
The total Vitamin A estimate takes into account both preformed retinol and assumed additional retinol formed in the metabolism of alpha-, beta-carotene,

and cryptoxanthin.

b
Recommended levels are ⅔ of the RDA level for adults over 50 years of age for micronutrients for which no DRI has been set.

c
Vitamin K is not typically included in multivitamin and/or mineral supplements, nor did any of the participants report taking supplements enriched with

phylloquinones or menaquinones.

*
means across age groups within gender differ significantly, p < 0.05.

†
percentage not meeting goal amount (100% EAR/AI or ⅔/RDA) differ significantly across age groups within gender, p < 0.05.

‡
percentage not meeting goal amount (100% EAR/AI or ⅔ RDA) differ significantly by gender, p < 0.05.
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Table 4
Estimated Mean Daily Mineral Intake from Diet Alone and Diet Plus Nutritional Supplements with Comparisons to
the Dietary Reference Intakes among All Healthy, Free-Living Senior Volunteers (n = 1740)

Micronutrient (unit)
Dietary Intake Alone Diet Plus Supplements

Mean ± SEM <100% EAR/AI Mean ± SEM <100% EAR/AI

Calcium (mg)

    Males

        51−70 yr 875.4 ± 14.05 82.7 964.0 ± 15.86 75.7‡

        71−85 yr 851.6 ± 26.34 83.8 937.6 ± 30.37 77.8

    Females

        51−70 yr 814.5 ± 25.07 84.6 1131.0 ± 34.76 65.0

        71−85 yr 814.4 ± 61.52 88.8 1142.4 ± 85.25 66.3

Phosphorus (mg)

    Males

        51−70 yr 1342.9 ± 15.69* 2.6‡ 1351.7 ± 15.72 2.5‡

        71−85 yr 1276.5 ± 28.11 3.4 1283.6 ± 28.11 3.4

    Females

        51−70 yr 1145.0 ± 25.99 6.4 1163.6 ± 25.99 5.4

        71−85 yr 1113.0 ± 57.51 9.0 1128.9 ± 57.28 9.0

Magnesium (mg)

    Males

        51−70 yr 344.8 ± 3.98 56.5‡ 370.5 ± 4.54 50.1‡

        71−85 yr 347.6 ± 7.86 55.3 371.0 ± 8.34 47.4

    Females

        51−70 yr 329.9 ± 7.48 38.1 365.1 ± 8.36 28.6

        71−85 yr 326.2 ± 14.29 37.1 359.5 ± 15.67 31.5

Iron (mg)

    Males

        51−70 yr 14.3 ± 0.18 3.0a‡ 20.7 ± 0.40 1.6†‡

        71−85 yr 13.8 ± 0.35 3.8a 19.7 ± 0.80 3.8

    Females

        51−70 yr 11.4 ± 0.25 9.8a 21.5 ± 1.33 6.6

        71−85 yr 11.1 ± 0.46 10.1a 19.5 ± 1.40 5.6

Zinc (mg)

    Males

        51−70 yr 11.3 ± 0.14 42.6a‡ 17.7 ± 0.67 29.7‡

        71−85 yr 11.7 ± 0.32 41.7a 18.0 ± 1.06 32.0

    Females

        51−70 yr 10.0 ± 0.21 35.2a 17.0 ± 0.77 23.0

        71−85 yr 10.1 ± 0.49 39.3a 17.2 ± 1.45 29.2

Copper (mg)

    Males
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Micronutrient (unit)
Dietary Intake Alone Diet Plus Supplements

Mean ± SEM <100% EAR/AI Mean ± SEM <100% EAR/AI

        51−70 yr 1.5 ± 0.02 22.8a†‡ 2.0 ± 0.04 18.2

        71−85 yr 1.5 ± 0.04 22.2a 2.0 ± 0.07 19.6

    Females

        51−70 yr 1.4 ± 0.04 29.1a 2.1 ± 0.07 21.0

        71−85 yr 1.5 ± 0.07 24.7a 2.1 ± 0.13 19.1

a
recommended levels are ⅔ of the RDA levels (or Estimated Safe and Adequate Intakes) for all micronutrients for which no DRI has been set.

*
means across age groups within gender differ significantly; p < 0.05.

†
percentage not meeting goal amount (100% EAR/AI or ⅔ RDA) differ significantly across age groups within gender, p < 0.05.

‡
percentage not meeting goal amount (100% EAR/AI or ⅔ RDA) differ significantly by gender, p < 0.05.
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