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The US population over the age of 65 years is growing rapidly, with elderly 

women outnumbering men by 50 percent.  Studies show that aging is often 

accompanied by reduced energy intake, inadequate nutrition, and the loss of lean 

body mass with a subsequent increase in body fat, as well as the tendency towards 

inactivity.  An increased level of physical activity elevates energy needs, which can 

lead to increased energy and nutrient intake, and has been shown to aid in the 

maintenance of lean body mass and the reduction of body fat.  Positive health 

outcomes for seniors depends partly on a clearer understanding of the 

interrelationships between physical activity, diet, and body composition. 

The purpose of this study was to determine whether higher overall levels of 

physical activity among elderly women, were related to higher energy intake, 



nutrient adequacy, and less body fat, and to what extent age affected these 

associations.    Sixty-three elderly women (aged 65-98 years) volunteers completed a 

three part study spanning 14 weeks.  Mean level of physical activity (MLPA) and 

mean nutrient intakes were estimated using nine self-reported days of records, three 

predetermined days from each of three recording periods.  MLPA was determined 

from self-reported hours spent in five physical activity categories (resting, very 

light, light, moderate, and heavy), multiplied by corresponding weighted factors of 

intensity (1.0, 1.5, 2.5, 5.0, 7.0, respectively).  Nutrient analyses for seven 

vitamins (vitamin A, vitamin C, thiamin, riboflavin, niacin, vitamin B6, vitamin 

B12) and three minerals (calcium, iron, and zinc) were done using the Food 

Processor n computer software.  A mean adequacy ratio (MAR) was calculated for 

each subject as the average percent of the RDA for intakes of all 10 nutrients. 

Body composition assessment included triplicate measures of: height and weight 

from which body mass index (BMI) was determined; waist-to-hip ratio (WHR); and 

an estimation of percent body fat (PBF) from the sum of four skinfolds (triceps, 

biceps, subscapular, suprailiac). 

It was determined that MLPA was not directly related to energy intake, 

nutrient adequacy, or the three body composition parameters.  However, the 

correlation coefficients between MLPA and energy intake, mean adequacy ratio, and 

percent RDA for 8 of the 10 nutrients were positive, and the correlation coefficients 

between MLPA and all three body fatness measures were negative, as was expected. 



The small coefficient of variability of MLPA limited its discriminating power in 

determining associations with energy intake, nutrient adequacy, and body 

composition. 

Backward stepwise regression models were conducted to distinguish potential 

confounding effects of age, education, and MLPA on the variables kcal/day, 

kcal/kg/day, MAR, BMI, WHR, and PBF.  Age was found to account for the 

largest portion of the variations, and was greater than the contribution of MLPA for 

all of these variables, except in the case of kcal/kg/day. 

When the subjects were divided into young-old (65-74 yr) and old-old (75-98 

yr) subgroups, the younger compared to the older women were found to be more 

active as measured by MLPA (p=.02), explained by their engaging in more light 

activities of daily living (p=.04).  The young-old compared to the old-old women 

consumed more kcalories/day (p=.01), and had a higher MAR score (p=.00).  The 

nutrient densities of the two groups' diets were not significantly different.  The 

younger women had slightly lower BMI, WHR, and PBF values. 

This study revealed age, rather than MLPA, was a better predictor of some 

parameters of diet adequacy and body fatness among this sample of elderly women. 

In addition, consistently higher levels of physical activity and greater dietary 

adequacy and was found among the younger compared to the older portions of this 

sample of senior women, suggesting that nutrition intervention programs for the 

elderly should encourage daily activeness as a strategy to maintain or improve 

dietary adequacy with advancing age. 
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ENERGY AND NUTRIENT INTAKE, AND BODY COMPOSITION OF 
ELDERLY WOMEN WITH DIFFERENT AGES AND LEVELS 

OF PHYSICAL ACTIVITY 

INTRODUCTION 

Currently in the United States, there are more than 24 million people past the 

age of 65. By the year 2000, an estimated 13 percent of the U.S. population will be 

in this age bracket (Chemoff and Lipschitz, 1988); and those over the age of 85 will 

have increased by approximately 30 percent to a total 4.6 million (DHHS, 1990). 

The age bulge evident in our population appears to favor women over men by a 

factor of two to one, females living an average of 7-8 years longer than males 

(O'Brien and Vertinsky, 1991). 

Biologically, aging involves many physiological changes that can be 

attributed to both genetic and environmental factors.  Aging is often associated with 

the emergence of varying degrees of chronic and degenerative diseases which 

include: cardiovascular disease, cancer, osteoporosis, non-insulin dependent diabetes 

mellitus, obesity, and hypertension (Lowik et al., 1990; Schectman et al., 1991; 

Smith et al., 1988).   Maintenance of good health among older Americans, which 

can prevent or delay the onset of such disease conditions, has been shown to be 

partly dependent on optimal nutrition and adequate physical activity (DHHS, 1988; 

Haskell et al., 1985; Kannel, 1988; McGandy et al., 1980; Smith et al., 1988; 

Yearicketal., 1980). 
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Adequacy of nutrient intake has been shown to decrease with age partly due 

to reduced energy requirements and intake (Bowman and Rosenberg, 1982; Forbes 

and Reina, 1970; Munro, 1989; NRC, 1989b; Pellett, 1990; Yearick et al., 1980). 

An increased level of daily activity elevates energy needs, and thus, elderly who are 

more active have the opportunity to improve their diet adequacy through greater 

kcaloric intake in response to increased energy requirements (Schneider et al., 

1986). 

It has been estimated that half of the health problems we associate with 

general aging, could actually be classified as "hypokmesia", a disease of disuse 

(O'Brien and Vertinsky, 1991).  Body composition alterations such as the decline of 

muscle tissue and the increase in body fat can be the result of both the aging process 

and inactivity.  An adequate level of physical activity itself has been shown to 

maintain lean body mass and reduce body fat, while creating a need for more total 

energy, and hence, a chance for a more adequate nutritional intake (Schectman et 

al., 1991). 

The normal aging process does not necessitate inactivity and poor nutrition. 

Studies have shown that energy intake of young and middle-aged women is 

positively related to their physical activity (Blair et al., 1981; Romieu et al., 1988), 

yet a similar relationship in older women is not well documented. The adequacy of 

nutrient intake by elderly women has been shown to be improved with increased 

energy intake (McGandy et al., 1980; Murphy et al., 1990), but a limited number of 
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studies have investigated the complex relationship of level of physical activity and 

nutrient adequacy in this population (Hanill and Cervone, 1977).  Exercise has been 

reported to be negatively related to body composition, measured by body mass 

index, waist-to-hip ratio, and percent body fat in younger (Romieu et al., 1988), 

and, to some extent, in older women (Garry et al., 1982; Tremblay et al., 1990), 

but there are limited data on the effects of differing levels of routine activities on 

body composition among elderly women.  Therefore, further examination of the 

daily activity patterns of older women is needed to determine whether there is a 

nutritional and/or body composition advantage to greater overall level of physical 

activity. 

The puipose of this study was to examine the relationships between self- 

recorded levels of physical activity, self-recorded energy intake and nutrient 

adequacy, and body composition, among a sample of elderly women.  The 

difference between the younger and older portions of the sample of elderly women 

was also assessed with respect to these variables. 



LITERATURE REVIEW 

Factors Affecting the Health of Elderly Women in the US 

The World Health Organization contends "health is a state of complete 

physical, mental, and social well-being and not merely the absence of disease or 

infirmity" (Kaplan, 1988; Patrick and Erickson, 1988).  The extended life 

experienced by women compared to men is not necessarily indicative of health.  For 

many women it may mean only more years to endure chronic illness and frailty 

(Buchner and Wagner, 1992), as aging is ultimately accompanied by the decline of 

many physiological functions, due to both genetic and environmental factors (DHHS, 

1990; Munro, 1980; O'Brien and Vertinsky, 1991).    The campaign to assist elderly 

women in maintaining their health and independence, improving their quality of life, 

and reducing health care costs has increasingly become important in our society. 

Elucidating the interrelationships between the lifestyle behaviors of elderly women 

that affect diet, exercise, and anatomic changes is central to understanding the 

dynamic process of successful aging (Kaplan, 1988; Patrick and Erickson, 1988; 

Piscopo, 1985; Rowe and Kahn, 1990; Taren and Schler, 1990). 

White et al. (1991) reported that approximately 85% of the elderly in the US 

have some form of a chronic disease.  The National Center for Health Statistics 
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(NCHS) 1983-1985 data showed (Collins, 1988) that the chronic medical conditions 

most prevalent in the age groups of 65-74 and 75 years and over for both men and 

women included high blood pressure and heart disease as the top two circulatory 

chronic conditions with diabetes the most predominant metabolic disease. 

Cardiovascular disease is still the leading cause of death in the US for both men and 

women (Patrick and Erickson, 1982; Slattery and Randall, 1988; DHHS, 1988; 

Cresenta et al., 1990). Stroke ranks as the no. 3 killer; yet, among those over age 

85, it is the second highest cause of death (Cresenta et al., 1990). 

Numerous health professionals and organizations (DHHS, 1988; NRC, 

1989a; NRC, 1989b; USDA/DHHS, 1990) agree that the relationship between health 

and disease is multifactorial, with heredity, socioeconomic variables, environment, 

diet, health care availability, and lifestyle all contributing to an individual's well- 

being throughout the stages of life (Astrand, 1992; Buchner and Wagner, 1992; 

DHHS, 1988; NRC, 1989a; Taren and Schler, 1990; White et al., 1991). 

The premise of the activity theory of aging (Piscopo, 1985) is that prosperous 

aging can only be achieved through a minimum level of physical activity, which in 

turn leads to benefits through positive anatomical changes and may influence other 

health-seeking behaviors such as nutritional improvements.   Little is known about 

the activity patterns and health among women over 65 years old and even less about 

those beyond 75 (Smith et al., 1988). 



Physical Activity Among Elderly Women 

Patterns of Physical Activity 

It is estimated that up to half of the of the decreased physiological 

functioning associated with age may be due to inactivity (Smith and Gilligan 1990; 

O'Brien and Vertinsky, 1991; Elward and Larson, 1992).  At least 36% of all US 

elderly in one study said that they never exercise (O'Brien and Vertinsky, 1991). 

Anywhere from 2-47% of older Americans may be classified as "active" since the 

term physical activity has had numerous definitions in different types of research 

studies (LaPorte et al., 1985; Teague and Hunnicutt, 1989).  LaPorte et al. (1984) 

stated that in discussing the elderly, the term "exercise" should be replaced by 

"activity" to include the entire spectrum of daily movement which allows for the 

expression of adequate mobility and functional capacity. 

The maintenance of ftmctional capacity appears to be vital to the longer 

survival of older women (O'Brien and Vertinsky, 1991).  Physical activities that 

promote strength and flexibility appear paramount to prevent frailty among elderly 

women (Buchner and Wagner, 1992; Piscopo, 1985; Teague and Hunnicutt, 1989). 

The benefits connected to participation in regular physical activity for seniors 

are numerous.  Initial effects may include greater social interaction, release of 

tension, and heightened sense of well-being (Astrand, 1992; Buchner and Wagner, 

1992; O'Brien and Vertinsky, 1991).   Sustained patterns of physical activity have 
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been reported to lower blood pressure, raise HDL cholesterol levels, lower total 

serum cholesterol levels, increase cardiovascular fitness,  reduce body fat, and 

maintain muscle tone and muscle strength.  Weight bearing exercise has also been 

shown to promote bone formation and improve bone density, counteracting bone loss 

which can lead to osteoporosis, a bone disease particularly prevalent among elderly 

women (Astrand, 1992; Elward and Larson, 1992; O'Brien and Vertinsky, 1991; 

Smith and Gilligan, 1990; Teague and Hunnicutt, 1989). 

Regular physical activity may be beneficial for older persons who are at high 

risk for disease or for those who are attempting to manage a chronic condition 

(Elward and Larson, 1992).  Regardless of age of onset of a physical activity 

program, benefits have been shown to include the delayed expression of disease 

symptoms affecting functional status (Elward and Larson, 1992; Lapidus et al., 

1984; O'Brien and Vertinsky, 1991). 

Assessment of Physical Activity 

Researchers have used various activity surveys (Buskirk et al., 1971; 

Paffenbarger et al., 1986), leisure time pursuit records, and time diaries (Brooks, 

1987; Taylor et al., 1984) to accurately assess activity patterns in older men and 

women and to estimate the kcalorie value of energy expended.  The measurement of 

caloric expenditure in people engaged in normal living, as recorded by activity 

diaries, has been reported to have a measurement error of +10-25% of the true 
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value for a 24-hour period of time (Buskirk et al., 1971).  In contrast,  Taylor et al. 

(1984) found in a sample of older men (mean age 52) that a 7-day activity diary 

used to estimate mean energy expended (kcal/day) was not significantly different 

from total energy expended (kcal/day) directly assessed using a heart rate/activity 

monitor.  In addition, they found that a 7-day recall interview method to assess 

kcalories expended per day was correlated with the self-report diary.  The use of a 

multi-day physical activity record has been shown to accurately reveal relationships 

between average level of physical activity and energy needs (LaPorte et al., 1984; 

LaPorte et al., 1985; Taylor et al., 1984), as well as show relatively constant 

patterns of association between increased physical activity and positive health 

outcomes (Thompson et al., 1982). 

Nutrient Adequacy among Elderly Women 

For the elderly, both the problems of over- and undemutrition contribute to 

many serious health issues (Kaplan, 1988).  Excess kcalories, fat and saturated fat 

and cholesterol, sodium, and too little fiber have all been linked to coronary heart 

disease, stroke, high blood pressure, some cancers, non-insulin dependent diabetes 

mellitus, obesity, osteoporosis, dental disease, and diverticular disease (Bray, 1990; 

DHHS, 1988; Slattery and Randall, 1988; USDA/DHHS, 1990).  The risk for death 

rises with excess weight and increased degree of obesity (Bray, 1990; DHHS, 
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1988).   At present, approximately half of the noninstitutionalized seniors of the US 

are suffering from nutritional deficiencies, and approximately 6 million are in danger 

of the consequences of poor nutritional status (Finn, 1992). 

Energy Intake 

A decline of energy needs of approximately 2-3 % each decade of life from 

age 3 to 80 has been documented (Thompson et al., 1982), mainly due to loss of 

muscle mass and concomitant lower metabolic rates, as well as less physical activity 

(Bray, 1990; Poehlman and Horton, 1990; Thompson et al., 1982).    The average 

energy allowance given for US women aged 19-24 is 2,200 kcal/day compared to 

1,900 kcal/day for women over age 50 (NRC, 1989b). 

Research conducted with elderly women, 65 years and over, has shown 

consistently that this population is consuming far fewer kcalories than indicated by 

the RDA.  Betts and Vivian (1984) determined from 24-hour dietary recalls that 

among non-institutionalized women 65-75 years and 76+, both age groups had a 3- 

day mean energy intake below 1,450 kcal/day, with the oldest individuals having the 

lowest mean intake.  Voorrips et al. (1991) found from modified dietary histories in 

a study of the elderly in the Netherlands, aged 60-79, that both active and more 

sedentary older women had an average intake of fewer than 1,800 kcal/day.  Data 

collected in the US, from 3-day food diaries in a longitudinal study of healthy men 

and women, mean age of 71, showed a decrease in total energy intake of 152 
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kcal/day for women over a four year period of time, resulting in an average intake 

of only 1,545 kcal/day (Garry et al., 1985). Murphy et al. (1990) concluded from 

the Nationwide Food Consumption Survey (NFCS) 1977-78 data that for men and 

women age 65-84 and 85 + , less money spent on food and fewer meals eaten per 

day were top predictors of low energy intake.    Harrill et al. (1977) also determined 

that reduced income was an indicator for low kcal intake among a sample of free 

living and institutionalized older women. In their study among three age groups of 

elderly women 62-75 years, 76-85 years, and 86-99 years, there was a slight trend 

towards lower kcalorie intake with increasing age. 

Micronutrient Intake 

The actual nutrient needs of older Americans are not known (Gupta et al., 

1988; Munro, 1981; Taren and Schler, 1990).  The Recommended Dietary 

Allowances are meant to represent healthy Americans (Hegsted, 1989; NRC, 1989b; 

Schneider et al., 1986). In the 1989 RDAs (NRC, 1989b) women 51+ years of age 

are grouped in one nutritional category, since many researchers felt there was not 

enough evidence to make different recommendations for separate age groups of older 

women (Gupta et al., 1988; Munro, 1981; Schneider et al., 1986; Smiciklas-Wright, 

1990).    Aging creates physiologic changes in metabolism and the gastrointestinal 

tract which may affect the absorption and utilization of some vitamins and minerals, 

thereby altering the nutritional requirements for some elderly persons.  Also, high 
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medication use among seniors may alter the need for some nutrients.  Chronic 

conditions also escalate among the very old, which can greatly affect nutrient 

availability and absorption, so adequacy standards of 66%, 75% or 100% of the 

RDA for individual nutrients may not even be suitable measures of sufficiency 

(Schneider et al., 1986).  Some researchers feel comparisons to the RDA or 

fractions of the RDA may be an inappropriate measure of adequacy for those beyond 

50 and even more so for those over the age of 85, and that further research is 

needed to define what are suitable nutrient recommendations (Schneider et al., 1986; 

Taren and Schler, 1990). 

Nutrient intakes commonly low among elderly women include total kcalories; 

protein; the vitamins thiamin, vitamin B6, vitamin B12, folate, and vitamin C; and 

the minerals calcium, iron, and zinc (Betts et al., 1984; Garry et al., 1982; Gupta et 

al., 1988; O'Hanlon and Kohrs, 1978; Taren and Schler, 1990).  Variables which 

influence the nutritional status of the elderly include: eating habits, food choices, 

activity level, income, living arrangement, food preparation methods and facilities, 

dental health, disability, and transportation (Bowman and Rosenberg, 1982). 

In addition to total energy intake, nutrient density, which is the mean nutrient 

intake per 1,000 kcal (Murphy et al., 1990), and adequacy ratios, which are the sum 

of several nutrient ratios (individual nutrient intakes divided by RDA values), have 

been used to estimate overall diet quality in the elderly population (Ferrang et al., 

1992; Murphy et al., 1992).  The seven vitamins and three minerals commonly 
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analyzed to determine diet adequacy include: vitamin A, vitamin C, thiamin, 

riboflavin, niacin, vitamin B6, vitamin B12, calcium, iron, and zinc (Ahmed, 1992; 

Ferrang et al., 1992; Garry et al., 1982; Gupta et al., 1988; Muiphy et al., 1990; 

O'Hanlon and Kohrs, 1978; Taren and Schler, 1990). 

Vitamin A 

Recommended vitamin A intake for women over age 50 is 800 RE/day 

(NRC, 1989b). Vitamin A, a fat-soluble vitamin, is essential for normal vision and 

integrity of epithelial tissues, as well as the formation of teeth and bone (NRC, 

1989b; Suter and Russell, 1989).  Recently vitamin A and carotene have also been 

noted for their possible role in prevention of cancers (Ahmed, 1992; Suter and 

Russell, 1989).  Intakes of vitamin A have greatly varied in studies among healthy 

US elderly women.  Garry et al. (1982) in a 5-year longitudinal study found self- 

reported intakes of vitamin A below the RDA level among only 10% of elderly 

women; whereas, data from first Health and Nutrition Examination Survey (HANES 

I) showed approximately 50% of seniors aged 65-74 years surveyed had intakes 

below two-thirds of the RDA (Bowman and Rosenberg, 1982).  Yearick et al. 

(1980) revealed from 3-day food records that 24% of their healthy elderly women 

subjects had vitamin A intakes below the same RDA standard.  Although the 

national surveys have shown large proportions of those 65 and over consuming 

below two-thirds of the RDA, very few actually had clinical signs of deficiency in 
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those studies in which this was assessed (DHHS, 1988; Suter and Russell, 1989). 

Thus, even though mean intakes may appear low among US elderly, body stores of 

vitamin A are generally not compromised (Ahmed, 1992; Suter and Russell, 1989). 

Vitamin C 

The RDA for vitamin C is set at 60 mg/day for both men and women (NRC, 

1989b). This vitamin is necessary for the synthesis of collagen and is important for 

proper functioning of the immune system (NRC, 1989b; Suter and Russell, 1989). 

Mean intakes of vitamin C among free-living elderly women in the US have 

been shown to be over 100 mg/day in some studies (Garry et al., 1982; Yearick et 

al., 1980).  In comparison, NHANES I data showed that among noninstitutionalized 

elderly women and men, 20-50% of those surveyed consumed below 60 mg/day 

(Ahmed, 1992).  Some researchers (NRC, 1989a) have shown blood levels of 

ascorbic acid among the elderly to be low in up to a fourth of the sample of the 

elderly, while others (Yearick et al., 1980) have found no such problems in ascorbic 

levels.   While there is some conflicting evidence, in general vitamin C intake among 

healthy elderly men and women appears to be sufficient. Vitamin C is a nutrient also 

taken in supplement form by the majority of elderly women (NRC, 1989a). 
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Thiamin 

Due to thiamin's role in carbohydrate and amino acid metabolism, its 

requirement depends on overall energy intake (NRC, 1989b).  For every 1,000 kcal, 

0.5 mg thiamin is needed.  The RDA for women 51+ years old is 1.0 mg thiamin 

/day. 

There is great amount of variation in thiamin consumption among seniors 

(Suter and Russell, 1989).  Yearick et al. (1980), in a study of free-living and 

institutionalized elderly women aged 63-89 years, found that mean intakes were 

greater than 100% of the RDA.  In contrast, several studies have shown thiamin to 

be the most deficient nutrient in the diets of older Americans (Bowman and 

Rosenberg, 1982; O'Hanlon and Kohrs, 1978).  Garry et al. (1982) found from 3- 

day dietary records that 47% of older women did not meet the RDA level.  Harrill 

and Cervone (1977) reported that mean intakes of thiamin among women aged 62 to 

75 were significantly greater than those of women 76-85 years old, and women 86- 

99, yet all three age groups had mean intakes below the RDA level.   Data from the 

NFCS 1977-78 (Murphy et al., 1992) showed 12% of women over 50 had thiamin 

intakes below 67% of the RDA.  Poor thiamin intakes in national surveys were 

found to be related to other external factors such as poverty, race, low kcalorie 

consumption, and alcoholism (DHHS, 1988; Murphy et al., 1992). 
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Riboflavin 

The current RDA for riboflavin is 1.2 mg/day for women over 50 years.  Its 

main function is as a coenzyme in oxidation-reduction reactions (NRC, 1989b). 

Survey studies generally support that senior women have sufficient intake, 

with only approximately 6-9% (Garry et al., 1982; Murphy et al., 1992; Yearick et 

al., 1980) consuming inadequate amounts.  Harrill and Cervone (1977) found that 

among three age groups of elderly women there were no significant changes with 

increasing age, but the mean intake of riboflavin for each group was below 1.2 

mg/day. 

Niacin 

The recommended intake for niacin is 13 mg/day for older women (NRC, 

1989b).  It is important as a coenzyme in carbohydrate, fat, and protein metabolism. 

There are limited data on dietary niacin intakes among the elderly and 

documented results are quite variable.  Harrill and Cervone (1977) found among 

three age groups of older women that the 62-75 year old group had greater niacin 

intakes than either those 76-85 or 86-99 years old.  Forty-three percent of the 

sample as a whole were below two-thirds of the RDA.  In contrast, Yearick et al. 

(1980) found only 4% of the older women in this study to be below two-thirds of 

the RDA.  Generally in national surveys, such as HANES I, a greater percent of 
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elderly subjects who had low niacin intakes were also below the poverty level (Suter 

and Russell, 1989). 

Vitamin B6 

The RDA for vitamin B6 among women 51+ is 1.6 mg/day (NRC, 1989b). 

It is essential for more than 50 enzymatic reactions mostly related to protein 

metabolism.  Protein is directly related to the vitamin B6 requirement. 

Data from the NFCS 1977-78 revealed that 43 % of older Americans 

consumed less than 67% of the 1980 RDA (2.0 mg/day) (Murphy et al., 1990). 

Garry et al. (1982) in a 5-year longitudinal study of nutrient intakes from 3-day food 

records, found that 86% of their elderly women subjects had B6 intakes below 75% 

of the 1980 RDA. 

Vitamin B12 

The current RDA for vitamin B12 has been reduced from the 1980 standard 

of 3.0 ug/day to 2.0 ug/day (NRC, 1989b).  Vitamin B12 is needed for red blood 

cell formation and proper functioning of the nervous system, and as an important 

cofactor in folate metabolism (Herbert and Colman, 1988). 

Vitamin B12 intake among elderly women varies greatly.   Garry et al. (1982) 

found from self-reported food records of older women, that 65 % of those surveyed 

did not meet the 1980 RDA and 39% did not meet 75% of the RDA for vitamin 
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B12.  In contrast, Betts et al. (1984) detennined that the mean intake of a sample of 

free-living elderly women 65+ was 3.4±3.8 ug/day. McGandy et al. (1986) found 

among three age-groups of elderly women (60-69, 70-79, and 80+ years old) that 

there was a trend for increased vitamin B12 consumption with age, with those age 

80 and over having the greatest mean intake. 

Compromised vitamin B12 status is usually associated with malabsoiption 

rather than low intake, and only a small number of elderly persons with low intakes 

actually show low serum plasma levels (Herbert and Colman, 1988; Morley, 1986). 

Thus, even though vitamin B12 may be considered a problem nutrient for seniors 

(McGandy et al., 1986), there does not appear to be poor nutriture status among this 

population (Suter and Russell, 1989). 

Calcium 

The RDA for calcium for women over age 50 is 800 mg/day (NRC, 1989b). 

This mineral constitutes the largest portion of the skeleton, with approximately 99% 

of the body calcium found in the bone and 1 % in the blood (Avioli, 1988). It is 

essential for many physiological functions of the body, including blood coagulation, 

transmission of nerve impulses, and regulation of secretions of certain hormones and 

enzymes (Avioli, 1988; NRC, 1989a; NRC, 1989b). 

Data suggest that more than two-thirds of all adult women consume less than 

the age-appropriate recommendations for calcium (Ahmed, 1992; Avioli, 1988; 
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DHHS, 1988; Morley, 1986).  National food consumption surveys reported average 

intakes of older women ranging from 540-590 mg/day (Ahmed, 1992; DHHS, 

1988), and it has been documented by other researchers (Bowman and Rosenberg, 

1982; McGandy et al., 1980; Murphy et al., 1990; O'Hanlon and Kohrs, 1978; 

Yearick et al., 1980) that calcium is the most frequent nutrient to be ingested at 

levels below the RDA among those over 50 years. 

Osteopenia (decreased bone density) is the most common nutrition-related 

disease among older adults.  Approximately 25% of all women over the age of 65 in 

the US suffer from accelerated bone loss which contributes to the great prevalence 

of osteoporosis among this group.  Its causes are multifaceted interrelationships 

between changing hormone levels, present and historical nutrient adequacies, and 

other external factors such as inactivity (Morley, 1986). 

Calcium deficiency can be brought about by inadequate intake as well as 

inadequate absorption (Morley, 1986).  Unlike younger women, elderly women are 

less adaptive to lower intakes of calcium, and therefore can experience impaired 

absorption (Morley, 1986).  This phenomenon may in part be due to loss of needed 

stomach acid with increasing age (Avioli, 1988).  Thus, the need for increased 

consumption of calcium is paramount for women of all ages, but adequacy among 

seniors is even more vital to maintain good health.    Evaluation of the calcium 

intake of adults beyond the age of 50 has been limited (Munro, 1981; Suter and 

Russell, 1989). 
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Iron 

The RDA for iron is set at 10 mg/day for both men and women 51 + years 

(NRC, 1989b). Iron is a component of hemoglobin and myoglobin as well as many 

enzymes in the body (NRC, 1989b). 

Elderly women of NHANES n, aged 65-74, met the RDA level with a mean 

iron intake of 10.2 mg/day (DHHS, 1988), however, the Ten State Nutrition Study 

(O'Hanlon and Kohrs, 1978) found that mean intakes of women over 74 years old 

were below the RDA. Iron deficiency can develop from a combination of factors 

such as inadequate intake, malabsorption, or great loss of blood especially from the 

gastrointestinal tract. Insufficient dietary iron alone is not the principal cause of 

compromised iron status among adults (Fairbanks and Beutler, 1988).  Although 

iron deficiency anemia is prevalent in the US, it afflicts only 2% of elderly women 

and men.  The storage of iron in the body increases with age, thus actual 

deficiencies are rare (Garry et al., 1982). 

Zinc 

The recommended daily intake for zinc is 12 mg/day for women over 50 

years (Morley, 1986; NRC, 1989b).  This mineral plays an important role as a 

component of many enzymes of primary metabolic pathways and has an important 

role in the immune functions of the body (NRC, 1989b; Solomons, 1988).    Zinc 

intake appears to decrease with age, and mean intake among US women over 50 was 
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found to be 7 mg/day (Motley, 1986).  A longitudinal study by Garry et al. (1982) 

of apparently healthy elderly women showed that 98 % of them fell below the RDA. 

Muiphy et al. (1990) using data from the MFCS 1978-88 revealed that 53% of 

women over age 51 years had mean zinc intakes below two-thirds of the RDA for 

zinc. 

Inadequate intake of zinc as measured by the RDA standard, may not 

necessarily mean deficiency.  With age, zinc absorption may be enhanced allowing 

for sufficient zinc levels even when intakes are below optimal (Ahmed, 1992). 

Nonetheless, zinc has been described as a problem nutrient contributing to reduced 

diet quality, especially among elderly women (Murphy et al., 1992). 

Diet Adequacy Indices 

Assessment of dietary adequacy may include measures of nutrient density and 

also nutrient adequacy ratios.    Generally, older women consume fewer kcalories 

than their younger counterparts, and therefore, choosing foods which are nutrient 

dense is critical in order for elderly women to attain nutritional adequacy.  Total 

kcalories has been shown to be the best predictor of nutrient intake (Murphy et al., 

1990), and one study (Murphy et al., 1992) showed that energy intake alone could 

account for up to 40% of the variation in micronutrient intakes among elderly 

women.   Older women may be enjoying greater nutrient density than younger 

women.  Murphy et al. (1992) in reviewing self-reported dietary data from the 
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NFCS 1977-78 showed that women over age 50 consumed fewer kcalories than 

younger women either 19-24 or 25-50, yet they consumed a greater percent of the 

RDA for 12 of the 15 nutrients studied. 

Several studies have examined the use of several nutrients in terms of an 

adequacy ratio (intake of individual nutrients divided by a percent of RDA values 

and summed) to express overall diet quality in special populations (Ferrang et al., 

1992) and among elderly women (Murphy et al., 1990; Murphy et al., 1992). 

Murphy et al. (1990) found that approximately 18% of women aged 65-84 years and 

about 22% of those over age 84 participating in the NFCS 1977-78 had  "poor 

diets", defined as adequacy index of five nutrients out of nine that were found to be 

below two-thirds of the RDA.    However, Murphy et al. (1992) showed that the 

mean adequacy ratio, comprised of 15 nutrients, for women surveyed in the NFCS 

1977-78 increased with age.  The 19-24, 25-50, and 51+ years old age groups had 

mean adequacy ratios of 73%, 78%, and 83%, respectively. 

The assessment of nutritional adequacy expressed as nutrient density, or in 

terms of an adequacy ratio of several nutrients collectively is a complex issue 

(DHHS, 1988; Murphy et al., 1990; Murphy et al., 1992).  Wide variation in 

estimates of the diet quality of senior women supports the need for more definitive 

research in this area, especially with women over the age of 75 (DHHS, 1988; Suter 

and Russell, 1989). 
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Physical Activity and Diet Adequacy among Elderly Women 

Physical activity and diet are intimately related to health-status and to the 

body composition transformations that eventually accompany old age (Bowman and 

Rosenberg, 1982; Chumlea et al., 1984; Kuczmarski, 1989; Steen, 1988).   With 

age there is an observed decrease in physical activity; however, this decline is 

avoidable (Pellett, 1990; Shephard, 1989; Smiciklas-Wright, 1990). Increasing the 

requirement for kcalories through activity has the benefit of providing a greater 

opportunity for seniors to consume adequate nutrients and have improved health 

(James et al., 1989; Poehlman and Horton, 1992; Voorrips et al., 1992). 

Relationship between Physical Activity and Energy Intake 

The effect of physical activity on energy intake is a complicated phenomenon 

(Piscopo, 1985; Thompson et al., 1982).    As Staten (1991) indicated, the energy 

expenditure/energy intake connection can be affected by age, gender, nutritional 

status, current diet, and body composition, as well as the duration and intensity of 

physical activity.  Few studies have examined the spectra of physical activity 

patterns of women 65 years and over specifically.  A Dutch study (Voorrips et al., 

1990) of active and sedentary elderly women indicated that there was a slight but not 

a significant increase in kcalorie intakes with increased activity.    Several 

researchers have also found an increase in energy intake with increased activity in 
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broader age ranges of men and women. Blair et al. (1985) reported, in a 

community health survey of 1,040 men and women aged 16-74 years, that estimated 

energy intake from 3-day food records was positively correlated with energy 

expenditure from a 7-day physical activity recall.  Blair et al. (1981) determined in 

another study of women aged 35-59 that runners had higher daily kcal intake (40- 

60% more kcal/kg body weight) than controls.  In a year-long study of 141 women 

aged 34-59 years,  Romieu et al. (1988) found that mean energy intake from 28 days 

of food records was positively related to energy expenditure.  Thus, it is possible 

that older women who are more active will have a greater energy requirement and 

consume more kcalories than those who are inactive. 

Relationship between Physical Activity and Nutrient Adequacy 

Few studies have attempted to measure level of physical activity directly in 

relation to nutrient intake.  Yearick et al. (1980) found calcium to be the nutrient 

most frequently low in the diets of a sample (n=75) of elderly women with a mean 

age of 74, and a subgroup of these women, who lived in a retirement home, were 

less active, ate fewer kcal/day, and had lower intakes of iron, thiamm, and ascorbic 

acid than the other subjects who were free-living and more active.  Harrill and 

Cervone (1977) found that elderly women aged 62-99, who were sedentary, 

consumed only 75% of the 1974 energy RDA, and had vitamin A and thiamin 

mtakes below the RDA values.   For many older adults, increased physical activity 
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which creates a greater energy need, can be beneficial to nutrient adequacy 

(Blumenthal et al., 1989; Brooks, 1987; Lampman, 1987; O'Brien and Vertinsky, 

1991; Teague and Hunnicutt 1989). 

Body Composition Assessment among Elderly Women 

The assessment of body composition among the elderly has implications for 

measuring the effect of external factors such as diet and exercise on the process of 

aging, as well as for understanding the associations of body fatness and the risk for 

certain chronic and degenerative diseases such as cardiovascular disease, 

hypertension, non-insulin dependent diabetes mellitus, some cancers, and obesity 

(Chumlea et al., 1992; Rowe and Kahn, 1990; Vellas and Garry, 1992). 

Body Composition Changes with Age in Women 

The rates of physiological changes that occur with age are highly individual, 

and there are also specific gender differences in body composition changes with age. 

Taren and Schler (1990) reported that the loss of height with age can reach up to 4.9 

cm in women, almost twice that of men.  Peak bone mass is usually reached by age 

35 and decreases thereafter.  For women after menopause, an accelerated decrease 

in bone mass may occur (Kuczmarski, 1989). 
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Maximum weight gain over the life span peaks at 35-55 years for men, 

whereas for women, peak weight gain occurs at approximately 55-65 years of age. 

Taren and Schler (1990) reported that actually both extremes of underweight and 

overweight in the elderly population show the greatest mortality rates.  Increases in 

percent body fat with age are generally apparent in both men and women and are 

thought to be partially due to decreases in body muscle and total body water 

(Kuczmarski, 1989). Body water has been shown to decrease up to 8% from age 25 

to age 75 (Burdman, 1986).    The amount of body fat increases with age, and 

obesity among the elderly is much more widespread among women.  Along with an 

increase in body fatness, there is also a redistribution of body fat to a more 

internalized and centralized orientation. 

Body Fat Assessment Techniques 

It has been reported by many researchers (Dumin and Womersley, 1974; 

Kubena et al., 1991; Lapidus et al., 1984; Lohman, 1992; Shimokata et al., 1989) 

that anthropometric techniques, including skinfolds and circumferences, can be 

sensitive methods to detect important changes in body fat stores.  Three of the most 

common methods used to quantify body composition in terms of fat are body mass 

index (Deurenberg et al., 1989a; Garrow and Webster, 1985), waist-to-hip ratio, 

and percent body fat calculated from the sum of several skinfolds (Chumlea et al., 

1984; Deurenberg et al., 1989b; Dumin and Womersley, 1974; Kuczmarski, 1989). 
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Body Mass Index 

The term body mass index (BMI) refers to the ratio of body weight (kg) to 

height (m) squared.  L. Quetelet in 1869 (Garrow and Webster, 1985) was one of 

the first to make note of the relationship between weight and height in adults of 

normal body build.  Quetelet showed that weight to height (squared) is constant for 

people of normal size.  Garrow and Webster (1985) investigated BMI as a measure 

of obesity and as a predictor of body fat in men and women 14 to 60 years old and 

suggested that BMI gives body fat measures not much less accurate than the more 

sophisticated methods, and therefore can be useful for classifying obesity. 

Kubena et al. (1991) reported the lowest overall risk associated with disease 

was related to a BMI between 22-25 kg/m2.  However, it has also been noted from 

careful study of the 1983 Metropolitan Life Insurance data and the 1979 Build Study 

on height and weight that the BMI values representing the lowest risk increase with 

age.  Thus, a 1989 report by the Committee on Diet and Health, Food and Nutrition 

Board (Kubena et al., 1991; NRC, 1989a) stated that for the elderly, a desirable 

BMI range is 24-29. 

Waist-to-hip Ratio 

Waist-to-hip ratio (WHR) is the circumference of the waist (cm) divided by 

the circumference of the hips (cm), and provides regional fat deposition information. 

Research suggests that the distribution of body fat may be more important than the 
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total amount of fat itself, with respect to risks associated with cardiovascular 

disease, non-insulin dependent diabetes mellitus and obesity (Bray, 1990; DHHS, 

1988). 

Waist-to-hip ratio has been used as an index of abdominal obesity, related to 

increased risk for cardiovascular disease (Lohman, 1992). In a cross-sectional study 

of men and women 67-92 years, Chumlea et al. (1992) reported that higher blood 

lipid and lipoprotein cholesterol were associated with higher abdominal 

circumferences among the women.  In a sample of elderly women over a 12-year 

period, WHR was a stronger predictor of cardiovascular disease than other 

anthropometric measurements such as the biceps and triceps skinfolds or BMI 

(Lapidus et al., 1984).  The tendency of an individual to display more visceral 

abdominal fat, especially women and the elderly, creates a greater WHR and has 

been shown to be associated with the risk of non-insulin dependent diabetes mellitus 

(Hward and Larson, 1992; Lohman et al., 1988). 

Vogel and Friedl (1992) reported that WHR may not be strongly correlated 

with total body fatness but it has definite uses as a discriminator of obesity in 

women and in determining two types of fat patterns: the android pattern, 

characterized by a more centralized fat pattern and an elevated WHR (greater than 

0.80); and the gynoid pattern, characterized by a greater proportion of fat located at 

the hips and a lower WHR.    Lapidus et al. (1984), in a 12-year longitudinal study 

of elderly women, showed that the regional distribution of body fat in a more 
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android pattern (greater WHR) appeared to be a cardiovascular risk factor, and that 

other risk factors such as hypertension, hypertriglyceridemia, and glucose 

intolerance, are also seen more often in older women with the android fat pattern. 

WHR has been shown to increase in postmenopausal women over the age of 

50 years (Vogel and Friedl, 1992).  The fat distribution changes (a tendency towards 

a more android fat patterning as well as an increase in total body fat), which occur 

in older women have been thought to be a result of hormonal changes after 

menopause, age and weight changes not due to menopause, and/or whether women 

have had children (Vogel and Friedl, 1992).   Vogel and Friedl (1992) reported that 

estrogen therapy in a sample of postmenopausal women actually helped maintain a 

lower WHR, equal to that of premenopausal women. 

Percent Body Fat Estimated From Skinfolds 

The measurement of skinfold thicknesses as a technique to assess body 

composition has been used in surveying populations because it is a simple, 

noninvasive, inexpensive method from which estimations of body density and 

percent body fat can be made, as well as an assessment of fat distribution (Chumlea 

et al., 1989; Jensen, 1992; Kubena et al., 1991).  The researchers Brozek and Keys 

in 1951 (Dumin and Womersley, 1967) were the first to use the association of 

skinfold thicknesses and body density for assessing body fat content (Dumin and 

Womersley, 1974; Wilmore, 1983). The theory behind this association is that about 
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50% of body fat is thought to be located at the subcutaneous level and that there is a 

constant relationship between the subcutaneous fat and the visceral fat of the body 

(Lohman, 1992; Vogel and Friedl, 1992), but neither of these assumptions may be 

valid among elderly women. 

Several investigators (Dumin and Womersley, 1974; Jackson and Pollock, 

1980), using either a single skinfold or the sum of several sites, have generated 

linear regression equations based on comparisons of body density measured by 

hydrostatic weighing with the skinfold thicknesses.   Estimations of percent body fat 

can be made by the prediction of body density from these equations.  Dumin and 

Womersley (1974) chose four skinfolds (triceps, biceps, subscapular, and suprailiac) 

to predict body density and estimate percent body fat in four age ranges of men and 

women.  They were the first to develop linear, age-specific regression equations that 

could be used for special groups of people. 

A challenge in the assessment of the body fat of elderly women is creating a 

set of standards (Frisancho, 1984; Lohman, 1992) as a guideline for health. 

Lohman (1992) reported percent body fat standards for men and women in relation 

to health, using 32% body fat or above for women as being indicative of excess fat 

and health risk.  However, the research for these values was conducted on young 

adults and some children and therefore may not directly apply to elderly persons. 

Further investigation into the relationship between optimal health and percent body 

fat in this older population is needed. 
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Percentiles have been developed by Frisancho (1990) using the National 

Health and Nutrition Examination Surveys (NHANES) I and n from 1971-74 and 

1976-80, respectively, for anthropometric data of over 43,000 males and females 

aged 1 to 74 as the reference population divided by age, sex, race, height, and 

frame size.  Using these standards, values for the triceps and subscapular alone or 

summed are given, and values between the 15th and 75th percentiles are considered 

"average fat status".  Percent body fat by the sum of the 2 skinfolds is also given in 

published tables based on Dumin and Womersley's (1974) regression equations for 

prediction of body density (Frisancho, 1990).    Results from NHANES I and n 

showed that the mean value for percent body fat derived from triceps and biceps 

skinfolds for women 65-69.9 years was 38% with a range of 32-42%. Women aged 

70-74.9 had a mean percent body fat of 37.3% and a range of 31-42%  (Frisancho, 

1990).  At the present time these types of percentile standards are be the only 

sources of reference values for US elderly women, at least those up to age 74 years. 

Relationship between Physical Activity and Body 
Composition among Elderly Women 

National surveys have shown that nearly 70% of the elderly, predominantly 

those over age 75 years, are sedentary (US Public Health Service, 1992).  It has 

also been shown that maintaining physical activity and exercise at an older age can 

impact body composition similar to changes seen in younger adults, such as 
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increased muscle mass, improved strength, increased basal metabolic rate, decreased 

body fat, improved bone mineral density, and better control of body weight (O'Brien 

and Vertinsky, 1991; Pellett, 1990). 

Poehlman and Horton (1990) stated that elderly individuals are on the 

average approximately 20% above ideal weight for height, and proposed that 

increased body fat in older persons may be due to decreased energy expenditure 

without an accompanying decrease in energy intake.  After basal metabolic needs, 

physical activity is the second largest and the most variable component of total 

energy expenditure.  Thus, increasing activity could substantially improve an elderly 

person's energy balance (Poehlman and Horton 1990; Chumlea et al., 1989). 

The relationship between level of physical activity and body composition has 

been well documented in young men and women (Tremblay et al., 1990), but less 

research has been done investigating this association in elderly women (Garry et al. 

1982; Lowik et al., 1990; Romieu et al., 1988; Sallis et al. 1985). Bergman and 

Boyungs (1990) showed that older women (aged 40-82 years) who engaged in a 10 

week walking program (20-40 minutes 4 times/week) significantly decreased their fat 

weight, percent body fat, and increased their lean body mass. Blair et al. (1985) 

reported in an exercise training study of men and women aged 16-74 that increased 

physical activity was associated with a decrease in percent body fat.  Bouchard et al. 

(1983) had 150 females and 150 males aged 10-50 keep 15 minute by 15 minute 3- 

day self-maintained activity records.   They found a small but significant negative 
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relationship between percent body fat estimated from skinfolds and energy 

expenditure in kcal/kg body weight/day.  Tremblay et al. (1990) observed that 

women aged 20-49, who engaged in a vigorous level of physical activity, had a 

significantly lower PBF as estimated from skinfolds, as well as lower WHR, than 

those who participated in a lower level of activity. 

Garry et al. (1982), in a 5-year longitudinal study of women and men over 

age 60, reported that physical activity frequency and intensity were negatively 

correlated with BMI.  Lowik et al. (1990), in a nationwide nutrition survey of the 

elderly aged 65-79 years in the Netherlands, gathered information from 

questionnaires about activities of daily living and physical exercise.  They found that 

greater BMI values were directly related to lower self-reported physical activity. 

Sallis et al. (1985), in a physical activity assessment survey of men and women aged 

20-74 years, used self-reported activity recalls to categorize time spent in light, 

moderate, and vigorous activities.  They found that the older women, who spent less 

time in vigorous activities, had higher mean BMI values than those who were more 

active. 

Therefore, older women who have higher levels of physical activity tend to 

have more favorable body compositions, including lower BMI, WHR, and PBF 

values, although the level of physical activity necessary to bring about these changes 

is still unclear. 
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METHODS 

Research Design 

The purpose of this cross-sectional study was to investigate the relationship 

between the independent variable, mean level of physical activity (MLPA), and three 

dependent variables: 1) estimated energy intake (kcal/day and kcal/kg body 

weight/day); 2) diet adequacy (percentage of 1989 Recommended Dietary 

Allowances for vitamin A, vitamin C, thiamin, riboflavin, niacin, vitamin B6, 

vitamin B12, calcium, iron, and zinc, as well as a mean adequacy ratio of all 

nutrients); and 3) body composition (measured by body mass index, waist-to-hip 

ratio, percent body fat). Statistical analyses were done to control for the variables 

age and education level. 

This 14-week study was divided into three phases.  Each phase was 

approximately 5 weeks apart and was composed of two parts: a measurement lab 

conducted at OSU, and completion of a self-reported 7-day food and activity record 

(Appendix A).    Each measurement lab included height, weight, waist and hip 

circumferences, and four skinfold thickness measures.  Subjects were given 

instructions for completing the self-maintained 7-day records.  A trained, nutrition 

student interviewer visited every subject at home at the end of each recording period 
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and used food models (Appendix B), to ensure accurate estimation of food quantities 

reported on each food record, and to verify time allotments and intensity 

categorization reported on each physical activity record.  Subjects started each phase 

of the study at varied times to spread out the work of measuring and interviewing. 

At the end of the study each subject was sent a 3-day average nutrient analysis of 

their diet and a computer generated printout of their body composition results as 

promised to them at the start of the study. 

Subject Selection 

Seventy, apparently healthy, noninstitutionalized elderly women living in the 

Corvallis, Oregon, area enrolled in this 14-week study.  The subjects were recruited 

from an article in the local Corvallis Gazette^Times newspaper and from various 

senior centers and other senior groups within a 30 mile radius of Corvallis. 

Volunteers were screened in person or through a phone interview (Appendix C), and 

were selected to participate based on six main criteria:   1) age - 65 years or older, 

2) living arrangement - free-living, 3) physical condition - not limited in ability to 

perform moderate activity,  4) transportation - able to come to OSU for three 

separate body measurement labs,  5) record keeping - willing to keep three 7-day 

diet and activity records,   6) stability - agreed not to change eating or activity 

patterns during the course of the study.   All subjects gave their informed consent to 



35 

participate in the study (Appendix D), and were asked questions about their age, 

income, education, marital status, place of residence, and medical history on a 

confidential information form (Appendix E).  For various health reasons, seven 

women were unable to finish, thus, the final sample for the study included 63 

subjects. 

Approval 

This study was part of a larger research project conducted at Oregon State 

University, Department of Nutrition and Food Management, investigating the 

relationships between diet and exercise in elderly women.  All forms and procedures 

used were approved by the Institutional Review Board for the Protection of Human 

Subjects at Oregon State University. 

Data Collection and Procedures 

Determination of Mean Level of Physical Activity 

Mean level of physical activity (MLPA) was estimated from 9 days of self- 

maintained physical activity records (Appendix A), 3 days from each phase, 

mcluding 7 weekdays, and 2 weekend days. For each day, subjects recorded major 

activities performed in each 2-hour block of time, categorized intensity levels, and 
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estimated minutes spent at each activity.  The activities ranging from I (resting) to V 

(heavy), are categorized by intensity values based on energy cost, relative to 

metabolic rate (Appendix F), given in the literature (Dumin and Passmore, 1967; 

NRC, 1989b).  A list of physical activities representative of each category was 

adapted from the 10th Edition of the Recommended Dietary Allowances (NRC, 

1989b) and Pellett (1990), and was given to all subjects as part of their activity 

record for reference (Appendix A). 

A mean factor was tabulated for each day for each subject by multiplying the 

representative energy cost value for each activity category by the time (hours/day) 

spent at each level of activity.  An overall average activity factor was determined by 

averaging daily factors and was called the mean level of physical activity (MLPA). 

Mean level of physical activity was used as the independent variable in all 

correlations investigating the relationship between level of physical activity and 

nutrient adequacy and body composition.  An excerpt for the derivation of MLPA is 

given in Appendix G. 

Subjects were also asked on a questionnaire to describe their activity pattern 

from a list of 5 possible choices (Appendix H, question #12), and these self-report 

responses were compared to the calculated MLPA for the subjects who chose each 

response. 
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Determination of Energy and Nutrient Intake 

Mean energy intake (expressed as kcal/day and kcal/kg body weight/day), 

and mean nutrient intake were estimated from the analysis of 9 days of food records, 

3 of the 7 days from each record (the same 7 weekdays and 2 weekend days used 

for activity analysis).   "The Food Processor n Nutrition and Diet Analysis System " 

version 3.05 with ASCII (The Food Processor n, ESHA Research, Salem, Oregon, 

1990)  was used to analyze the food records to estimate intake of energy and ten 

nutrients.  The nutrients analyzed included:  vitamin A, vitamin C, thiamin, 

riboflavin, niacin, vitamin B6, vitamin B12, calcium, iron, and zinc. 

The nutrient contents of foods not included in the Food Processor n database 

were obtained from the Frozen Convenience Foods Database for the Food Processor 

n computer program (ESHA, Research, Salem, Oregon, 1992), nutrition 

information requested directly from manufacturers, or from restaurants or food label 

nutrition information.  For incomplete information on homemade recipes or 

ingredients in mixed dishes, The Pillsbury Cookbook (1989) and Better Homes and 

Garden's Complete Guide to Food and Cooking (1991) were consulted to quantify 

proportion of ingredients. 

Appendix I contains the default list used to enter foods for which inadequate 

description was given from written food records, and the choices made were based 

on foods and portion sizes most used by the women in the sample or those often 
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used by women over 65 as stated in Foods Commonly Eaten by Individuals: Amount 

Per Day and Per Eating Occasion (Pao et al., 1982). 

Nutrient data were complete for kcalories, protein, carbohydrate and total fat. 

The percent missing values (Appendix J) for reported nutrients of the foods added to 

the data base ranged from 0.3% for riboflavin to 3.0% for vitamin B6.  Vitamin 

and/or mineral supplements were not included in the nutrient analyses. 

Nutrient adequacy was defined as 9-day mean consumption of greater than or 

equal to 75% of the 1989 Recommended Dietary Allowances (NRC, 1989b) for a 

nutrient. Mean adequacy ratio (MAR) was calculated by dividing actual mean intake 

of each key nutrient by its RDA value, then averaging these values over all 10 

nutrients.  The 1989 Recommended Dietary Allowances are listed in Appendix K. 

Body Composition Measurements 

Body composition data consisted of the mean of triplicate measurements of 

height, weight, waist and hip circumferences, triceps, biceps, suprailiac, and 

subscapular skinfolds, made during each phase of the study.  These were used to 

assess body mass index (BMI), waist-to-hip ratio (WHR) and percent body fat 

(PBF).  A protocol for all lab measurements was developed and followed in 

accordance with Lohman et al. Anthropometric Standardization Manual (Lohman et 

al., 1988). 
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Height to the nearest 0.25 inch and weight to the nearest 0.25 pound were 

measured without shoes, on a Health-o-meter balance/stature scale.  BMI was 

calculated as a measure of body fatness by weight (kg) divided by height (m) 

squared. 

The waist circumference was taken at the narrowest part of the torso, and the 

hip circumference was taken at the maximum protrusion of the buttocks.  Both 

circumferences were measured with a flexible tape measure and were used to 

determine WHR, the waist measure divided by the hips. 

Skinfolds were measured according to Dumin and Rahman (1967) at the 

following four sites: triceps (taken midway between the acromion and the olecranon 

process), biceps (taken at the midpoint of the muscle belly), subscapular (taken one 

centimeter from the tip of the inferior angle of the scapula), and suprailiac (taken 

three centimeters above the anterior superior iliac crest at a 45 degree angle from 

the midline of the body). The skinfolds were taken with Lange calipers (Cambridge 

Scientific Industries, Inc., Cambridge, MD, 1985) and read to the nearest one 

millimeter.  Percent body fat was estimated from the sum of the four skinfolds.  An 

exceipt for the determination of percent body fat is given in Appendix L. 

As a validation measure, the percent body fat estimated from the sum of the 

four skinfolds was compared to percent body fat determined from dual energy x-ray 

absorptiometry (DEXA) procedure on five of the 63 subjects.  The mean percent 

error between the two methods was 5.4%.  This was in the range (3-6%) reported in 
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the literature (Jackson et al., 1980) for comparisons made between skinfold estimates 

and hydrostatic weighing to determine percent body fat.  This indicated percent body 

fat estimated from the four skinfolds was an accurate predictor in this sample. 

Measurement of Intervening Variables 

The intervening variables considered for this study included income, 

education, and age.  Subjects were asked on a confidential information form 

(Appendix E) to indicate their annual income level.  Only 49 of the 63 subjects 

voluntarily provided this information, therefore its relationship to the independent 

variable could not be determined. 

Education information was collected using a survey question with 100% 

response rate.  The seven education classifications were combined into three 

categories: equal or less than high school, some college (no degree) or professional 

training, college or graduate degree. 

Age was recorded upon enrollment in the study.  One subject would not give 

her exact age, and thus, her data were not used in analyses using age as a variable. 
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Statistical Analyses 

All statistical analyses were done using the Statistical Package for the Social 

Sciences software version 4.0 (SPSS/Main Frame) (SPSS, Inc., Chicago, IL, 1988). 

A p-value of equal to or less than .05 was considered to be statistically significant. 

For the entire sample the following statistical analyses were performed: 

1) Linear regression analysis was used to investigate the relationships 

between MLPA and each of the continuous dependent variables energy intake, 

nutrient adequacy, and body composition parameters. 

2) A coefficient of variability (SD/mean) was calculated for each variable to 

examine the discrimination potential of the independent variable MLPA in relation to 

the dependent variables. 

3) Backward stepwise regression models were constructed to add age and 

education to the equations for each dependent variable. 

Age accounted for a significant amount of the variation in the energy intake, 

nutrient adequacy, and body composition and MLPA itself.  These findings lead to 

the construction of a histogram of the age distribution for all the subjects which 

showed a cluster of subjects between 65-74 years old (n=38) and another between 

75-98 years old (n=24). The sample was divided into these two age groups to 

explore potential differences in the dependent variables (energy intake, nutrient 

adequacy, and body composition) between the younger and older portions of the 
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sample.  These groups were labeled the "young-old" and "old-old".    The following 

statistical analyses were conducted to compare the young-old and old-old group: 

1) T-tests were conducted to identify significant differences between age 

groups with respect to energy intake, nutrient intake, dietary adequacy, and body 

composition measures when variable distributions for each group were normal. 

2) Mann-Whitney U Tests were used to identify significant differences 

between age groups with respect to energy intake, nutrient intake, MLPA, and body 

composition parameters when distributions for each group were not symmetrical. An 

excerpt for the Mann-Whitney U test is given in Appendix M. 

3) Chi-square analyses were used to determine significant differences in 

percent of subjects in each age group meeting 75% of the 1989 RDAs for ten 

nutrients. 

Limitations of Methods of Study 

Sallis et al. (1985) stated that with subjects aged 20-74, who kept self- 

reported activity and food intake records, there was a tendency to overestimate 

energy expenditure and underestimate kcalorie intake.  Subjects in the current study 

were given detailed oral and written instructions on keeping the records at the outset 

of the study, and a home interviewer provided guidance with food models to clarify 

estimations of household measures after each record was kept.  The use of at least 3 
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days of self-reported food intake has been shown to improve the estimate for energy 

and eight other nutrients in elderly subjects compared to one or two 24-hour records 

(Ahluwalia and Lammi-Keefe, 1991).   Basiotis et al. (1987) have shown that most 

micronutrients can be adequately estimated from 7 to 10 days of food intake for 

groups of individuals.  Thus, the use of 9 days of food records was thought to be a 

valid estimate of mean intakes of energy, 7 vitamins, and 3 minerals for this sample 

of elderly women. 

The mean level of physical activity (MLPA) was calculated from self- 

reported hours spent in five activity categories (resting, very light, light, moderate 

and heavy) and multiplied by weighted intensity factors published for various 

activities (Dumin and Passmore, 1967; NRC, 1989a; WHO, 1985). The 

corresponding levels (1.0, 1.5, 2.5, 5.0, 7.0, respectively) are based on the rate of 

oxygen consumption associated with increasingly more intense physical activity and 

derived from assessments of college-age males (Dumin and Passmore, 1967).  These 

values are not necessarily applicable to elderly women.  However, these values were 

only used as a tool to measure each subject's overall physical activity level and the 

relative amounts of activity for comparison to the other subjects in the group.  There 

was no attempt to estimate kcalories expended and relate it to energy intake. 

LaPorte et al. (1985) stated that this method is adequate for ranking subjects on a 

continuum according to overall physical activity levels; however, there are no 

documented data supporting the reliability or validity of this as an activity index. 
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Thus, it is not known if the calculation of mean activity factor accurately provided a 

means for differentiating between women with higher levels of physical activity and 

those with lower levels, or if a mean activity factor could be used as an independent 

variable to investigate other relationships of physical activity and diet adequacy and 

body fatness. 

The accuracy of ascribing the appropriate intensity to each major activity is 

also questionable.  Interviewers aided subjects in category assignment.  They were 

also instructed to probe for sweating or breathlessness whenever activities from 

categories IV (moderate) or V (heavy) were reported (Shephard, 1989) to avoid 

discrepancies in describing intensities. 

The use of four-site skinfolds in elderly women has been shown to be a valid 

estimate of PBF using age-adjusted, sex-specific scales developed by Dumin and 

Womersley (1974).  Changes affecting skin thickness, including skin elasticity, and 

compressibility with age, may result in underestimation of total body fat among the 

elderly (Chumlea et al. 1984; Deurenberg et al., 1989b).  The use of 

densiometrically determined regression equations specific for elderly women 

(Deurenberg et al., 1989b; Dumin and Womersley, 1974) however increases the 

accuracy of this estimate.  Accuracy in measurements is also largely dependent on 

the experience and precision of the technician.  The four-site measurements were 

reported on three separate occasions over the 14-weeks, using the same trained 

technicians.  BMI and WHR have been shown to be valid indicators of body fatness 
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in elderly women (Bray, 1990) and they are not plagued with the limitations of the 

skinfold measures. 

Our non-random sample of sixty-three elderly women volunteers from the 

Corvallis area may be representative of health-conscious elderly women; however, 

results may not be generalizable to the larger population of all elderly women. 
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RESULTS AND DISCUSSION 

Description of the Subjects 

A summary of the descriptive characteristics and demographic data of the 

sample (N=63) appears in Tables 1 and 2. The mean age of the subjects was 73.0 

+. 6.5 years with a range of 65-98 years.    The subjects' average height was 63.0 

inches (160.0 cm) and weight was 146.5 pounds (66.6 kg).  Their mean weight by 

age was between the 50th and 75th percentiles for US women 65-75 (Frisancho, 

1984).   The subjects' mean height by age when compared to norms given by 

Frisancho (1984) was between the 50th and 75th for women 65-75.  Their mean 

weight by stature was also between the 50th and 75th percentiles for US females 18- 

74 years old (Frisancho 1984) which is considered to be "average weight status". 

Mean kcalories eaten per day was 1,594 +. 330.  This was above both the 1,374 ±_ 

17 recorded for US elderly women aged >_ 65 in the 1987 NFCS (Popkin et al., 

1992), and the 1,309 kcal/day reported in NHANES H data (1976-80) for white 

women aged 65-74 (Block et al., 1985). 

The majority of the subjects (57.1 %) had some college or professional 

training (Table 2).  Of those reporting their income level (n=49), 26% received 

more than $30,000 per year.  Compared to data from the US National Center for 



Table 1.  Descriptive data for sample of elderly women (N=63). 
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VARIABLES MEAN+SD RANGE 

Age (yr) 73.0 + 6.5 65.0-98.0 

Height (in) 
(cm) 

63.0 + 2.7 
160.1 + 6.8 

54.0-68.5 
137.2-174.0 

Weight (lb) 
(kg) 

146.5 + 25.0 
66.6+11.4 

91.3-209.7 
41.5-95.3 

Energy (kcal/day) 1,594 + 330 1,046-2,602 
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DEMOGRAPHIC CATKGORIES 
ELDERLY WOMEN 

(N=63) 

no.                % 

Education 

Equal or less than high school 17 27 

Some college or professional training 36 57 

College or graduate degree 10 16 

Income 1 
Less than $10,000 per year 3 6 

Between $10,000-20,000 per year 18 37 

Between $20,000-30,000 per year 15 24 

Greater than $30,000 per year 13 26 

Wished to keep private 14 22 

Marital Status I 
Married 28 48 

Divorced 4 7 

Widowed 22 37 

Divorced/widowed 2 3 

Separated 1 2 

Single 2 3 

Wished to keep private 4 6 

Residence 

Individual house, duplex, mobile home 56 89 

Apartment without home service or meals 6 10 

Apartment with home service or meals 1 2 

Living Arrangement 

Alone 29 46 

With other family members 32 52 

With one or more non-family members 1 2 

Wished to keep private 1 2 
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Health Statistics for women >_ 65 years, this sample of elderly women was above 

average for both education status and annual income (Kovar, 1986). Most were 

either married (48%) or widowed (37%).  Of the 63 subjects, the majority (89%) 

reported living in an individual house, duplex, or mobile home and most lived with 

other family members (52%). 

Health history data collected from the subject confidential information form 

(Appendix E), revealed that all women reported at least one medical condition 

(Table 3), and the most common reported condition was arthritis (52%) followed by 

high blood pressure (30%).  This is in accordance with several other studies 

(Collins, 1988; Gupta et al., 1988; Kubena et al., 1991; O'Brien and Vertinsky, 

1991; Smiciklas-Wright, 1990), which showed arthritis as one of the most prevalent 

ailments of elderly women subjects 65 years old and over. 

Forty-six subjects (73%) reported taking prescription medication; those most 

commonly reported were diuretics and various estrogens.    This is slightly higher 

than medication use among elderly women described by Bums et al. (1986) who 

reported 58% of their 87 subjects using prescription drugs on a regular basis.  The 

effects of medications on nutrient intake of subjects was beyond the scope of this 

study.   Forty-six (73%) of the elderly women also used vitamin and/or mineral 

supplements. This rate of usage is greater than the 61 % of elderly women reporting 

supplement use in a study by Garry et al. (1984), and is also greater than the 44% 

(38) reported by Bums et al. (1986) for elderly women 65 + .  The types of 
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Table 3. Self-reported illnesses of elderly women subjects. 

REPORTED ILLNESSES 
ELDERLY WOMEN 

(N= 63) 

no.               % 

Arthritis 33 52 

High Blood Pressure 19 30 

Allergies 18 29 

Osteoporosis 11 18 

Cancer 11 18 

Heart Problems 10 16 

Bone Fracture 8 13 

Spastic Colon or Diveiticulitis 7 11 

Ulcers 6 10 

Diabetes Mellitus 4 6 

Mental Depression Requiring 
Medication 4 6 

Angina 3 5 
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supplements most frequently used by this sample were multivitamins and/or calcium 

supplements.  It was not the intent of this study to analyze dietary supplements, and 

therefore, nutrient analysis was of food intake only. 

Based on their demographic characteristics, the participants in the current 

study could be defined as apparently healthy, independent, elderly women, more 

affluent and with a higher level of eduction than the average US woman _> 65 years 

of age (Collins, 1988; Kovar, 1986). 

Relationships between Mean Level of Physical Activity and Energy Intake, 
Nutrient Adequacy, and Body Composition 

The dependent variables studied included energy intake, nutrient adequacy, 

and three body composition measures.   Correlations between the independent 

variable MLPA, and energy intake, mean percent of the 1989 RDAs for 10 

nutrients, and three measures of body composition in this sample of elderly women 

are displayed in Table 4. 

Energy Intake 

The relationship between the mean level of physical activity (MLPA) of our 

elderly women and their self-reported energy intake was tested.   No significant 

correlations were found between MLPA and daily energy intake (kcal/day) or with 
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Table 4. Correlations between mean level of physical activity (MLPA), and the 

dependent variables, mean energy intake, mean nutrient adequacy, and 
mean body composition parameters for elderly women subjects (N=63). 

DEPENDENT VARIABLES' 
CORRF.IATION 
COEFHCIENT SIGNIFICANCE" 

ENERGY INTAKE 

Kcalories per Kg 
Body Weight per Day .10 .46 

Kcalories per Day .12 .37 

NUTRIENT ADEQUACY0 

% RDA Vitamin A .15 .25 

% RDA Vitamin C .03 .82 

% RDAThiamin .13 .31 

% RDA Riboflavin -.00 .99 

% RDA Niacin .09 .50 

% RDA Vitamin B-6 .04 .76 

% RDA Vitamin B-12 .12 .36 

% RDA Calcium -.00 .99                  1 

% RDA Iron .06 .33 

% RDA Zinc .12 .64 

Mean Adequacy Ratio (MAR)"1 .08 .51 

BODY COMPOSITION 

Body Mass Index (BMI)e -.02 .85 

Waist-to-Hip Ratio (WHR)' -.12 .36 

Percent Body Fat (PBF)' -.02 .90 

' All dependent variables compared to independent variable, MLPA, which was determined from the 
average of 9-day self-reported activity diaries. 

' Significance level p<.05.  No significant differences found. 
' Percent values for 10 nutrients based on 9-day averages from recorded intake and compared to the 

1989 RDA standards for women 51 years and older. 
' MAR was calculated for each subject as the mean percent of RDA for intakes of all 10 nutrients 

(vitamins A, C, Bl, B2, B3, B6, B12, calcium, iron, zinc); percents over 100 were truncated to 100 
before calculating the MAR so nutrient intakes above the RDA did not compensate for low intakes. 

' BMI = weight (kg)/ height (m2). 
WHR = waist circumference (in)/ hips circumference (in). 

1 PBF determined from the sum of 4 skinfolds (triceps, biceps, subscapular, suprailiac) using age- 
specific, linear regression equation given in Dumin and Womersley (1974) for women 50+ years old. 
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daily energy expressed in terms of body weight (kcal/kg/day) (Table 4). However, 

the correlation coefficients were positive. 

The effect of physical activity on food intake and regulation of energy 

balance in the literature is inconsistent (Evans and Meredith, 1989).  Total energy 

requirement (kcal/day) decreases with age due to loss of muscle mass and 

concomitant lower metabolic rate as well as a lack of physical activity, although 

decline in physical activity among elderly women in not inevitable (Pellett, 1990). 

Few studies have examined the spectra of physical activity patterns of women 

65 years and over specifically, but several have found an increase in energy intake 

with increased activity in broader age ranges of women. Blair et al. (1985) reported 

that in a community health survey of 1,040 men and women aged 16-74 years, 

estimated energy intake from 3-day food records was positively correlated with 

energy expenditure from a 7-day physical activity recall.  In a year-long study of 

141 women aged 34-59 years, Romieu et al. (1988) reported that mean energy 

intake (kcal) from 28 days of food records, was positively related to energy 

expenditure (kcal) measured by self-reported types, durations, and intensities of 

physical activities engaged in over the previous week and year. 

Present findings were consistent with conclusions of Mensink and Arab 

(1989), who found that energy intake and energy expenditure were not shown to be 

directly related in a cross-sectional study of elderly German women in which activity 

categorizations were based on the frequency with which certain activities were 
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performed.   In a sample of elderly Dutch women, Voorrips et al. (1991) also 

found that more active elderly women did not eat significantly more kcal than their 

less active peers.    LaPorte et al. (1985) found, in testing different methods for 

reliable assessment of physical activity patterns of post-menopausal women, that 

neither a large scale intensity monitor nor an activity questionnaire diary (Haskell et 

al., 1985) were correlated with energy intake.  Buskirk et al. (1971) tested an 

activity appraisal questionnaire to categorize activity level and its relationship with 

self-reported energy intake for older men (aged 40-59), and found no association 

between activity levels and daily caloric intake. 

Nutrient Adequacy 

Several researchers (Evans and Meredith, 1989; Mensink and Arab, 1989; 

Voorrips et al., 1992) have suggested that one of the benefits of increased physical 

activity for older adults is that, due to a greater energy expenditure, there is a larger 

requirement for kcalories, which provides a greater opportunity for the consumption 

of adequate nutrients.   Murphy et al. (1992), using data from the 1987-88 NFCS 

for women aged 19-51 + , also found that energy intake was the strongest indicator 

of nutritional adequacy for older women, and that energy intake alone accounted for 

40% of the variation in the amount of low-intake nutrients in the diets of US adults. 

Thus, an increased need for energy intake resulting from physical activity could lead 

to greater micronutrient adequacy; but, since energy intake did not increase with 
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MLPA among this sample of elderly women, it is not surprising that nutrient intake 

was not proportional to MLPA either. 

The relationship between the MLPA of the elderly women in the sample and 

the percent RDA for 10 nutrients (vitamin A, vitamin C, thiamin, riboflavin, niacin, 

vitamin B6, vitamin B12, calcium, iron, and zinc) was tested.  For assessment of 

overall nutrient adequacy, a mean adequacy ratio (MAR) was calculated for each 

subject as an index of the mean percent of RDA met for all 10 nutrients collectively. 

Results showed that MLPA was not correlated with percent RDA met for any 

of the 10 individual nutrient intakes analyzed or with mean percent MAR (Table 4). 

However, the correlation coefficients for eight of the ten nutrients were positive. 

The percent of the RDAs for calcium and riboflavin were the only nutrients with 

negative correlation coefficients.  These nutrients have commonly been found to be 

low among elderly women (Goodwin, 1989).  Results from a study by Goodwin 

(1989) suggested that elderly women, especially ones who are more health 

conscious, may avoid dairy products in efforts to decrease fat and cholesterol intake, 

which consequently may be responsible for limiting intakes of calcium and 

riboflavin. 

The actual nutrient requirements of the elderly have not been clearly defined 

(Munro, 1981), especially for those well beyond the age of 51 years (NRC, 1989a; 

Hegsted, 1989), therefore, the 1989 RDAs for women aged 51+ are currently the 

only standards that exist for comparison of adequate nutrient intake for women aged 



56 

65 years and over.  McGandy et al. (1980) found that energy intakes (kcal/day) for 

those 60-98 year old were much lower that two-thirds of the 1980 RDAs, and that a 

third of the older women had calcium intakes below two-thirds of the RDAs. 

Murphy et al. (1990) used data for women and men 65 years and older from the 

1977-78 NFCS, to analyze adequacy.  Two key nutrients considered low were 

calcium and vitamin B6. 

Yearick et al. (1980) also found in a sample of 75 elderly women (mean age 

74), calcium was most frequently below 67% of the RDA of all 11 nutrients studied. 

A subgroup of these women who lived in a retirement home, were less active, ate 

fewer kcal/day and had lower intakes of iron, thiamin, and vitamin C than those 

older adults who were free-living and more active.  Harrill and Cervone (1977) 

found that elderly women aged 62-99, who were classified as inactive, consumed 

only 75 % of the 1974 energy RDAs, and had low vitamin A and thiamin intakes 

when compared to the RDA values.   Mensink and Arab (1989) found significant 

differences in calcium and riboflavin intake between active and sedentary groups of 

elderly women, even though there were no significant differences between the 

groups' energy intakes.  Hence, for many older adults, increased physical activity 

which creates a greater energy need, can be beneficial for increasing nutrient 

adequacy.  Results of the current study, however, showed that a greater MLPA was 

not significantly correlated with increased nutrient adequacy, although positive 

correlation coefficients were found between MLPA and 8 of the 10 micronutrient 
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analyzed as well as with MAR.  This sample of elderly women was very 

homogeneous with respect to MLPA, evident in the very narrow range between 

lower and higher degrees of physical activity.  The lack of distinction between levels 

of physical activity may be one reason why a more direct relationship of energy and 

nutrient intake was not found with MLPA. 

Body Composition 

The relationship between MLPA and three body composition measures: body 

mass index (BMI), waist-to-hip ratio (WHR), and percent body fat (PBF) was 

determined for the elderly women of our sample.  There were no correlations 

between MLPA and any of the three measures of body fatness (Table 4). 

The relationship between level of physical activity and body composition has 

been well documented in young men and women (Tremblay et al., 1990), but less 

research has been done investigating this association in elderly women.   Several 

researchers (Evans and Meredith, 1989; Voorrips et al., 1991) have suggested that 

elderly women with greater activity levels can more easily obtain their recommended 

nutrient intake without becoming overweight or overfat, since they have increased 

energy requirements.   Actual studies on older women have shown that those having 

a high level of physical activity may be more likely to have a more favorable body 

composition, defined as lower BMI, WHR, and PBF. 
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Garry et al. (1982), in a 5-year longitudinal study of women and men over 

age 60, reported that physical activity frequency and intensity were negatively 

correlated with BMI.  Lowik et al. (1990), in a nationwide nutrition survey of 

elderly men and women aged 65-79 years in the Netherlands, used questionnaires to 

determine activities of daily living and physical exercise.   They found that greater 

BMI values were directly related to lower self-reported physical activity.  Sallis et 

al. (1985), in a physical activity assessment survey of men and women aged 20-74 

years, used self-reported activity recalls to categorize time spent in light, moderate, 

and vigorous activities, and found that those who spent the most time in light 

activities versus vigorous ones had higher BMI values. 

Research suggests the distribution of body fat may be more important than 

the total amount of fat itself, with respect to risks associated with cardiovascular 

disease, diabetes mellitus and obesity (Bray, 1991; Lapidus et al., 1984).   In a 

prospective study of 1,462 women over a 12-year period (Lapidus et al., 1984), it 

was found that a WHR of greater than 0.8 was a better predictor for increased risk 

of death or heart disease than any other body composition measure.  It has been 

shown that the greater the WHR, the greater the risk of disease at any BMI level 

(Bray 1990).  Sallis et al. (1985), in a large study of men and women aged 20-74 

years, found that women who had a high age-adjusted BMI, self-reported engaging 

in fewer moderate physical activities than those women with a lower BMI. 
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Tremblay et al. (1990) found women aged 20-49 who engaged in a vigorous 

level of physical activity had a significantly lower PBF as estimated from skinfolds 

than those who participated in lower level of activity. Blair et al. (1985) reported in 

an exercise training study of men and women aged 16-74 that increased physical 

activity was associated with a decrease in percent body fat.  Bouchard et al. (1983) 

showed from 15 minute by 15 minute 3-day self-maintained activity records of 150 

females and 150 males aged 10-50 years, a small but significant negative 

relationship between percent body fat estimated from skinfolds and energy 

expenditure in kcal/kg body weight/day.  In contrast, Mensink and Arab (1989), in a 

study comparing physically active and less active elderly Dutch women, did not 

find statistically significant differences in body weight or body mass index. 

Many factors affect body composition in elderly subjects; physical activity is 

only one component (Chumlea et al., 1989; Lohman, 1992; Lowik et al., 1990; 

Sallis et al., 1985; Steen, 1988; Yearick et al., 1980).  Variability in the precision 

and accuracy of the instruments and methods adopted for the assessment of body 

composition among elderly subjects are additional factors that have the potential for 

confounding relationship being examined (Chumlea et al., 1989; Lohman, 1992; 

Lukaski et al., 1987).  Significant correlations between MLPA and any of the three 

body composition measures was not found in the current study, although the 

correlation coefficients were negative. 
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Discriminating Potential of Mean Level of Physical Activity 

Lack of significant correlations found between MLPA and energy and 

nutrient intake and body composition in this sample of elderly women warranted 

additional investigation into the capacity of MLPA to discriminate between the levels 

of physical activity of the subjects.   A coefficient of variability (SD/mean) was 

calculated for MLPA and each dependent variable (Table 5).  All dependent 

variables except WHR had larger coefficients of variability than did MLPA.  The 

very small range of variance seen in MLPA in this sample indicated that MLPA had 

very little discriminating power as an independent variable in relation to the 

dependent variables under study.  This helps explain why MLPA was not 

significantly correlated with any of the dependent variables, even though the 

anticipated direction of the regressions was observed.  The sample as a whole was a 

somewhat small group of health-conscious elderly women, and the limited variation 

in their reported physical activity patterns was not substantial enough to show a 

visible relationship with levels of activity to energy intake, nutrient adequacy, or 

body composition. 
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Table 5. Coefficients of variability for independent and dependent 
variables for elderly women subjects (N= 63). 

VARIABLES MEAN+SD COEFFICIENT OF 
VARIABimy 

INDEPENDENT VARIABLE 

Mean Level of Physical Activity 
(MLPA)b 1.5 + 0.1 0.089 

DEPENDENT VARIABLES 

ENERGY INTAKE 

Kcal per day 1,594.3 + 330.2 0.207 

Kcal per Kg Body Weight 24.7 + 6.6 0.269 

NUTRIENT ADEQUACY 

Vitamin A (RE) 1,333.8 + 530.5 0.398 

Vitamin C (mg) 116.0 + 46.0 0.396 

Thiamin (mg) 1.4 + 0.3 0.234 

Riboflavin (mg) 1.7 + 0.4 0.240 

Niacin (mg) 18.5 ±4.6 0.248 

Vitamin B6 (mg) 1.6 + 0.4 0.256 

Vitamin B12 (ug) 4.7 + 3.8 0.811 

Calcium (mg) 774.1 + 282.7 0.365 

Iron (mg) 13.6 + 3.7 0.274 

Zinc (mg) 9.0 + 2.3 0.261 

BODY COMPOSITION 

Body Mass Index (BMI)" 26.5 ± 4.4 0.162 

Waist-to-Hip Ratio (WHR)d 0.8 + 4.4 0.075 

Percent Body Fat (PBF)° 31.3 + 6.6 0.230 

a Coefficient of Variability = SD/Mean. 
'' MLPA determined from the average of 9-day self-reported activity diaries. 
0 BMI = weight (kg)/ height (m2). 
* WHR = waist circumference / hip circumference. 
" PBF determined by the sum of four skinfolds (triceps, biceps, subscapular, suprailiac) using age- 

specific, linear regression equation given in Dumin and Womersley (1974) for women 50+ years old, 
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Multi-Variate Analysis of the Variables 

One intent of this study was to consider the relative contributions of age, 

education, and MLPA to energy intake, nutrient adequacy, and body composition of 

the subjects. Backward stepwise regression models were constructed for each of the 

dependent variables and the results are given on the following Tables 6 and 7. Age, 

education, and MLPA were the independent variables entered into each model. The 

model for WHR also included the variable estrogen therapy. 

The backward stepwise regression models for energy intake (expressed as 

kcal/day and as kcal/kg body weight/day) and nutrient adequacy summarized by 

mean adequacy ratio (MAR) can be seen in Table 6.  Each model R2 at Step 0 

shows the initial percent variability in the dependent variable which was accounted 

for by all of the variables entered into the model collectively.  Subsequent steps 

display the stepwise removal of the independent variable with the largest p-value at 

each step.  Age was the only variable significantly contributing to the variance in the 

model for kcal/day (p=.01).  When energy intake was measured as kcal/kg/day, 

neither MLPA, age nor education accounted for a significant amount of its 

variability.  In the model for MAR, age was the only variable in the final model 

significantly contributing to the variability in the MAR (p=.00).  The MAR model 

was consistent with national survey study results on age and nutrient intake (Murphy 

etal., 1992). 
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Table 6. Relative contributions of mean level of physical activity (MLPA), 
education, and age to energy intake and mean adequacy ratio (MAR) 
from analysis of backward stepwise regression models for elderly 
women subjects (N=63). 

STEP VARIABLE 
REMOVED 

MODEL R2 SIGNIFICANCE' 

Kcalories 
per Day 

0 11.81% 

1 MLPA" .95 

2 Education .91 

Final Model Age 11.37% .01* 

Kcalories 
per Kg Body 

Weight per Day 

0 1.27% 

1 Education .87 

2 Age .83 

3 MLPA" 0.83% .48 

Final Model No variables 
remaining 

Mean Adequacy 
Ratio (MAR)0 

0 24.18% 

1 MLPA" .63 

2 Education .55 

Final Model Age 17.10% .00* 

a Significance level p<.05. 
b MLPA (mean level of physical activity) determined from the average of 9-day self-reported activity 

diaries. 
" MAR was calculated for each subject as the mean percent of RDA for intakes of all 10 nutrients 

(vitamins A, C, Bl, B2, B3, B6, B12, calcium, iron, and zinc); percents over 100 were truncated to 
100 before calculating the mean ratio so that nutrient intakes above the RDA did not compensate for 
low intakes of other nutrients. 

* p_< .05 
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The final stepwise regression models for the effect of education, MLPA and 

age on two body composition variables are summarized in Table 7.  In the model 

for BMI, none of the independent variables contributed significantly to the 

variability of BMI.  The variables entered into the model for WHR included MLPA, 

age, education and estrogen intake.  Estrogen therapy has been shown (Vogel and 

Friedl, 1992) to affect body fat distribution parameters of postmenopausal women 

including the lowering of their WHR values.  Age alone, not estrogen, contributed 

to the variability in the WHR.    The PBF stepwise model also showed only age 

accounting for a significant proportion of its variability. 

Kohrs et al. (1989) stated that multi-variate statistics are needed to determine 

the true effect of age in a population when the age range of subjects is greater than 

30 years.   For this sample the ages covered a span of 33 years (65 to 98).  In our 

multi-variate models, age accounted for a significant amount of the variation in 

kcalorie intake, nutrient adequacy and body composition and was more strongly 

associated with these dependent variables in our sample of elderly women than was 

MLPA. This finding lead to the decision to investigate age-related variability in 

energy intake, nutrient adequacy and body composition in the sample. 

A histogram of the age distribution for all the subjects showed a clear 

division of the elderly women between 65-74 years (n=38) and those 75-98 years 

(n=24).  These subgroups were labeled "young-old" and "old-old" (Burns et al., 

1986), respectively, and were used for the remainder of the data analysis to explore 
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Table 7. Relative contributions of education, mean level of physical activity 
(MLPA), age, and estrogen therapy to body mass index, waist-to-hip 
ratio, and percent body fat from analysis of backward stepwise 
regression models for elderly subjects (N=63). 

STEP VARIABT.F, 
REMOVED 

MODEL R2 SIGNI^CANCE,, 

Body Mass 
Index (BMO" 

0 5.35% 

1 Education .92 

3 MLPA0 .55 

4 Age 1.83% .30 

Final Model No variables 
remaining 

Waist-to-hip 
Ratio (WHR)" 

0 13.24% 

1 Education .98 

3 MLPA0 .88 

4 Estrogen .51 

Final Model Age 8.41% .02* 

Percent Body 
Fat0 

0 18.06% 

1 Education .97 

2 MLPA" .35 

Final Model Age 9.59% .01** 

" Significance level p<.05. 
b BMI = weight (kg)/height (m2). 
c MLPA (mean level of physical activity) determined from the average of 9-day self-reported 

activity diaries. 
d WHR = waist circumference (in)/hip circumference (in). 
e PBF determined from the sum of 4 skinfolds (triceps, biceps, subscapular, suprailiac) using age- 

specific, linear regression equation given in Durnin and Womersley (1974) for women 50+. 
* p<..05, ** p_< .01 
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in more detail the differences in physical activity, energy intake, nutrient adequacy, 

and body composition between younger and older portions of the sample. 

Reported Physical Activity Patterns among Young-Old and Old-Old Subjects 

In Table 8, the comparisons of the self-reported 9-day mean number of hours 

per day spent in each of five activity intensity categories (Appendix F) and MLPA 

(Appendix G) are displayed.  The young-old compared to the old-old women were 

found to be more physically active as measured by MLPA (p=.02), which can be 

explained by their engaging in more light activities of daily living (category HI). 

Thus, the higher level of physical activity among the younger subjects in relation to 

the older subjects was not due to their participating in more moderate of heavy 

intensity exercise (ie., walking fast, aerobic dancing), but rather their spending more 

time doing activities requiring only light movement (ie., shopping, house cleaning, 

yoga). 

The findings of this study reflect a lowered overall activeness with advancing 

age which is supported in the literature; however, it also suggests that women over 

the age of 74 years (old-old women) may be able to increase their total physical 

activity level simply by increasing time devoted to light activity throughout the day. 

Both the young-old and old-old subjects were asked on a questionnaire 

(Appendix H, question #12) to describe their normal activity pattern from a list of 



Table 8. Nine-day mean hours per day spent in each of five activity categories and mean level of physical 
activity (MLPA) for young-old (65-74 yr) and old-old (75-98 yr) elderly women subjects. 

ACTIVITY 
CAIHGORIES 

YOUNG-OLD 
(n=38) 

OLD-OLD 
(n=24) SIGNIFICANCF 

Mean" Median Range Meanb Median Range 

Resting Activity 
(hours/day) 9.0±1.1 8.8 7.3-11.9 9.4+2.0 8.9 6.6-16.6 .30 

Very Light Activity 
(hours/day) 12.3+1.9 12.5 7.2-16.3 12.6+2.2 13.2 5.4-16.0 .50 

light Activity 
(hours/day) 2.3+1.2 2.3 0.1-5.5 1.6±1.0 1.4 0.3-4.0 .04* 

Moderate Activity" 
(hours/day) 0.5+0.5 0.3 0.0-2.0 0.3+.0.3 0.1 0.0-1.1 .11 

Heavy Activity" 
(hours/day) 0.7+0.2 0.0 0.0-1.0 0.0+0.1 0.0 0.0-0.2 .06 

MLPA8d 1.5+0.1 1.5 1.3-2.0 1.4±0.1 1.4 1.2-1.7 .02* 

* Significance level p_< .05. 
b 9-day Mean +, Standard Deviation. 
0 Values between groups were compared using Mann-Whitney U tests. All other values were compared using t-tests. 
* MLPA (mean level of physical activity) determined from the average of 9-day self-reported activity diaries. 
*p <.05 
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five possible choices.  Subjects' responses are presented in Table 9.  The majority 

of the young-old women (42%) stated they were energetic in their daily chores and 

also regularly exercised.  The most common response for the old-old subjects (42%) 

was being energetic in daily chores but not exercising on a regular basis.  To 

compare the survey question method and diary method of evaluating activity levels, 

the 9-day MLPA for those reporting each descriptive pattern was calculated.  For 

each age group, those who perceived themselves as sedentary also had the lowest 

MLPA, and the subjects who reported being energetic and exercising had the 

greatest MLPA.  For all descriptives, the old-old women had somewhat lower 

MLPA values than those of their younger counterparts.   This is indicative again of 

the trend of decreased activeness with advancing age, and also shows good 

agreement between the perception by these women of their activity levels and actual 

activity record data from which MLPA was determined. 

The subjects of this study led a more active lifestyle than the general 

population of women aged 65 and over.  National studies have shown that of US 

women aged 65-74 and 75 + years, approximately three-fourths were inactive or had 

an irregular pattern of some leisure-time physical activity, and less than 10% 

engaged in regular and intense exercise (US Public Health Service, 1992).  The aim 

of the Healthy People 2000 Objectives (USDA/DHHS, 1990) includes increasing the 

level of activity of Americans over the age of 65, so that no more than 22% will be 

sedentary.   This would be a decrease of 21 percentage points from the 43% in 1985 
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Table 9. Self-defined patterns of physical activity for young-old (65-74 yr) and 
old-old  (75-98  yr)   groups  of elderly  women  subjects  and  their 
corresponding 9-day mean level of physical activity (MLPA). 

ll 
PATTERN 

OF 
PHYSICAL 
ACnVlTY* 

YOUNG-OLD 
(ii=38) 

OLD-OLD 
(n=24) 

no. % MLPA" no. % MLPA" 

Sedentary 
All Day 1 3 1.31 3 1 1.27 

Sedentary 
and 
Occasionally 
Exercise 3 8 1.48 1 4 1.33 

Sedentary 
Except for 
Regular 
Exercise 6 16 1.52 3 13 1.48 

Energetic 
in Daily 
Chores, No 
Regular 
Exercise 12 32 1.45 10 42 1.42 

Energetic in 
Daily Chores 
and Exercise 
Regularly 16 42 1.52 7 29 1.45 

" Activity patterns and MLPAs were not compared statistically between young-old and old-old groups. 
h MLPA (mean level of physical activity) was determined from the average of 9-day, self-reported 

activity diaries. 



70 

at baseline.  The emphasis is on light-to-moderate physical activity to maintain 

functional capacity and muscle tissue to gain general health benefits.  Therefore, 

fewer of the young-old and old-old elderly women of this study were sedentary, with 

respect to these national standards; however, those women 75 and over (old-old) did 

have a lower overall physical activity level than the younger subjects (Table 8). 

Mean Energy and Nutrient Intakes for Young-Old and Old-Old Subjects 

The 9-day mean energy intake of the old-old, was significantly lower than 

that of the young-old elderly women, (p=.00) (Table 10).  This finding supports the 

general conclusion in the literature (Ahmed, 1992; Black et al., 1991; McGandy et 

al., 1980; Munro, 1989; NRC, 1989b) that energy intake declines with increasing 

age.  The 1989 RDA (NRC, 1989b) for women 51 years and over recommend 1,900 

kcal/day for moderately active females weighing 65 kg.  The young-old women 

(mean age 68.7.+2.3 years, mean weight 69.7 kg) met 89% of the energy RDA, 

with the old-old women (mean age 79.8+3.2 years, mean weight 62.1.+ 10.4 kg) 

meeting only 77% of the RDA.  Rudman et al. (1989) stated that kcal requirements 

for healthy elderly persons beyond 51 years, are actually less than this RDA energy 

standard due to increasingly sedentary lifestyle and a lower metabolic rate.  This is 

substantiated by clinical studies showing that it is uncommon to see signs of protein- 

calorie malnutrition in healthy elderly persons who consume fewer than 1,900 



Table 10.       Nine-day group mean, median and range of kcalories and selected nutrients for young-old (65-74 yr) 
and old-old (75-98 yr) elderly women and a listing of the 1989 RDA. 

NUTRIENTS YOUNG-OLD 
(n=38) 

OLD-OLD 
(n=24) 

RDA* SIGNIFICANCE11 

Mean" Median Range Mean" Median Range 

Kcalories/ 
day* 1689+309 1628 1159-2602 1457+319 1426 1045-1989 1900 .01** 

Carbohydrate 
(g) 
(% kcal) 

232±48 
554:6 

237 
55 

155-356 
43-67 

193 +38 
54+5 

187 
54 

133-277 
37-65 

— .00*** 
.38 

Protein 
(g) 
(% kcal) 

69_+12 
16±2 

67 
16 

47-99 
12-22 

56+16 
15+2 

53 
16 

28-92 
11-19 

— .00** 
.08 

Fat 
(g) 
(% kcal) 

59j+14 
31+5 

59 
32 

27-91 
18-39 

54.+ 18 
33+6 

50 
32 

28-111 
21-52 

— .21 
.30 

* 1989 Recommended Dietary Allowances for Women 51 + years old. 
k Significance level p<.05. 
* Mean +. standard deviation. 
' Values compared between groups using Mann-Whitney U tests.   All other nutrients were compared using t-tests. 
* p < .05,  ** p <. .01, *** p = .001 



Table 10. (continued) 

NUTRIENTS YOUNG-OLD 
(n=38) 

OLD-OLD 
(n=24) 

RDA* SIGNIFICANCE" 

Mean" Median Range Mean" Median Range 

Vitomin A 
(RE)J 1423+570 1238 726-3453 1217.+440 1124 605-2419 800 .16 

Vitamin C 
(mg) 121±42 109 48-235 110±52 103 41-215 60 .33 

Thiamin (mg) l.5±.3 1.4 0.8-2.2 1.3±3 1.2 0.8-1.8 1.0 .01** 

Riboflavin 
(mg) 1.8.+ .35 1.8 1.1-2.7 1.6+.5 1.5 0.8-2.6 1.2 .02* 

Niacin (mg) 20+4 20 11-30 17.+5 17 7-26 13 .01** 

Vitamin B6 
(mg) 1.7.+ .4 1.7 1.1-2.6 1.5+0.4 1.5 .7-2.2 1.6 .04* 

Vitamin B12 
(ug)J 5.1+.4.2 4.3 1.8-27.9 3.9±3.1 3.1 0.5-16.2 2.0 .02* 

Calcium (mg)*1 830+.251 770 398-1373 697±315 696 254-1637 800 .03* 

Iron (mg) 14.5+3.8 14 9-24 12.4+3.3 12 5.9-20.8 10 .04* 

Zinc (mg) 9.7±2.3 10 5-18 7.8+:2.0 8 4-13 12 .00*** 

■ 1989 Recommended Dietary Allowances for Women 51 + years old. 
b Significance level p<.05. 
c Mean +. standard deviation. 
d Values compared between groups using Mann-Whitney U tests.   All other nutrients were compared using t-tests. 
* p < .05, ** p <. .01, *** p = .001 to 
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kcal/day.  Thus, lower kcalorie intake, matching lower energy needs for those over 

65, does not appear to be detrimental to health (Rudman, 1989). 

Although it is observed that energy requirements decrease with age, both age 

groups of our subjects had generally higher kcal intakes than other studies 

(Grotkowski and Sims, 1978; James et al., 1989; O'Hanlon and Kohrs, 1978) of 

elderly women, aged 65-74 and aged   >. 75 years. Mean caloric intake based on 3- 

day diet records of free-living, healthy elderly women (median age 75) in a study by 

Koehler et al. (1992), was 1,494 kcal/day, which is lower than our young-old group 

and only marginally greater than our old-old group.  Grotkowski and Sims (1978) 

reported the 3-day average energy intake of their women subjects, mean age of 72 

years, was 1,363 +. 441 kcal. Garry et al. (1982) showed, in a 5-year longitudinal 

study using 3-day food records, that healthy women aged 60-75 reported a mean 

energy intake of 1,685 kcal/day and those aged 76 and over reported a mean intake 

of 1,506 kcal.    These findings are very similar to the energy intakes recorded for 

the young-old and old-old age groups, respectively, in the current study.  Mensink 

and Arab (1989) found that, between active and less active groups of elderly women 

(mean age 69.1, and 69.9 years, respectively), the active group ate more kcal (1,854 

kcal/day) than the less active women (1,794 kcal/day), yet differences were not 

statistically significant. The old-old women of the current study had significantly 

lower MLPA values (Table 8) than the young-old women, which may explain the 

lower energy intake of the old-old women. 



74 

The old-old women consumed less carbohydrate and protein per day than the 

young-old (Table 10), which reflects their lower kcal intake.  Ahmed (1992) 

reported that the mean percent of kcal from protein eaten by American adults is 12- 

14%.  Since aging is associated with decreased lean body mass, adequate protein 

intake is essential to maintain body tissue and good health. 

When compared to an intake of 62 grams of protein per day by non- 

institutionalized elderly women (median age 75) reported by Koehler et al. (1992), 

the young-old subjects of the current study consumed more (69 grams) and old-old 

subjects consumed less (54 grams).    Belts et al. (1984) reported a protem intake of 

61.8 grams/day in a sample of elderly women (mean age 72.9 years), also below 

that of the young-old group, yet greater than that consumed by the old-old subjects. 

Carbohydrate represented similar proportions of kcal in the two groups 

55+6% for young-old and 544:2% for old-old; both greater than the reported 

48.1 % kcal in the 1987-88 NFCS (Popkin et al., 1992) for women aged .> 65. 

The intake of dietary fat (as grams or percent of daily kcalories) was not 

significantly different between the two groups and both were slightly above the 

Dietary Guidelines (USDA/DHHS, 1990) which recommend consuming <. 30% of 

daily kcal from fat.  Most national studies of the aged show fat intakes greater than 

30% of kcal.   Garry et al. (1982), in a study of health-conscious women over age 60 

based on 3-day food records, found that 37% of their kcal came from fat. Murphy 

et al. (1992) calculated from the 1987-88 NFCS data, that fat constituted 36% of the 
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daily calories for women 51 + .  Popkin et al. (1992) reported from NFCS results 

that the women in general had lower fat intakes than men, and the aged were more 

in line with the Dietary Guidelines (USDA/DHHS, 1990) than younger individuals. 

In a study comparing health-seeking behaviors of older (65+) and younger (18-64 

years old) adults, Bausell (1986) found that the elderly persons were more likely to 

avoid dietary fat and cholesterol than the younger individuals, and suggested the 

aged were more conscientious about their fat intake.    Therefore, the current 

research study shows that both age groups of elderly women subjects had fat intakes 

below national averages for their age, if not below the general dietary 

recommendations for fat consumption. 

Concerning micronutrient intake, the old-old group reported intakes of 

significantly less thiamin, riboflavin, niacin, vitamin B6, vitamin B12, calcium, 

iron, and zinc, than the younger group (Table 10).  The data do show a very wide 

range of intakes and that mean calcium consumption for both groups was below the 

RDA of 800 mg/day. 

The results of different studies appears to be inconstant with respect to 

individual nutrient intakes among elderly women. Koehler et al. (1992) showed in 

one study of elderly women the average iron intake of elderly women to be 11.4 

mg/day, less than that for either age groups in the current study.  However, Betts et 

al. (1984) reported a 3-day mean intake of 14.9 mg for their elderly women 

subjects. 
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Sandstead et al. (1986) found that among the aged in the US the mean daily 

zinc intake is between 7-13 mg/day. In another study (Greger, 1977) the reported 

zinc intakes of non-bedridden elderly ranged from 4-14 with an average of 8.3 

mg/day.  Both the young-old and the old-old of the current study had zinc intakes 

similar to those. 

Nutrient intakes of the young-old and old-old women with respect to the 

mean percent RDA of 10 selected nutrients and an overall adequacy index called the 

mean adequacy ratio (MAR) were compared and reported in Table 11.  For the 

young-old, average micronutrient intakes were in excess of the RDA value, except 

for zinc.  The old-old had mean intakes less than the RDA for vitamin B6, calcium, 

and zinc.  There were significant differences between the two age groups for intake 

as a percentage of the RDAs of all nutrients except vitamin A and vitamin C. 

Murphy et al. (1992) found similar results in analyses of the 1987-88 MFCS for 

women 51+ years.   These researchers showed that older women met only 85% of 

the 1989 RDAs for vitamin B6, 72% of the calcium recommendation and 72% of 

the zinc RDA.  These three nutrients are often labeled problem nutrients for older 

women (Muiphy et al., 1992). 

In order to evaluate overall diet adequacy for each group of women, a mean 

adequacy ratio (MAR) was calculated.  Mean adequacy ratio was determined for 

each subject as an average percent of the RDA for intakes of all 10 micronutrient. 

Percents over 100 were truncated to 100 before calculating the mean ratio for each 



Table 11.       Nine-day mean, median and range of intakes as a percentage of the 1989 
RDAs of micronutrients and mean adequacy ratio (MAR) for young-old 
(65-74 yr) and old-old (75-98 yr) elderly women. 

MICRO- 
NUTRIENT' 

YOUNG-OLD 
(n=38) 

OLD-OLD 
(n=24) 

SIGNIFICANCE" 

Mean" Median Range Mean" Median Range 

% RDA 
Vitamin A" 178+71 155 91-432 152+55 141 76-302 .16 

% RDA 
Vitamin C 202+70 182 79-393 183+87 171 68-217 .38 

% RDA 
Thiamin 146+32 139 81-224 125+27 123 82-177 .01+* 

% RDA 
Riboflavin 152+32 154 93-226 130+37 121 69-217 .02* 

%RDA 
Niacin 151+32 152 93-226 128±37 128 52-19 .01** 

■ Percent of RDA for each nutrient refers to the 1989 Recommended Dietary Allowances for women 51+ years old. 
b Significance level p<.05. 
0 Mean +. standard deviation. 
* Values compared between groups using Mann-Whitney U tests.   All other nutrients compared using t-tests. 
* MAR= mean adequacy ratio and was calculated for each subject as the mean percent of RDA for intakes of all 10 nutrients 

(vitamins A, C, Bl, B2, B3, B6, B12, calcium, iron, zinc); percents over 100 were truncated to 100 before calculating 
the mean ratio for each age group so nutrient intakes above the RDA did not compensate for low intakes of other nutrients. 

* p < .05, ** p <. .01 



Table 11. (continued) 

MICRO- 
NUTRIENT 

YOUNG-OLD 
(n=38) 

OLD-OLD 
(n=24) 

SIGNIFICANCE" 

Mean" Median Range Mean" Median Range 

% RDA 
Vitamin B6 108J:25 106 66-164 94±26 96 45-143 .04* 

% RDA 
Vitamin 612" 257±208 214 92-1396 195±154 153 26-811 .02* 

%RDA 
Calciumd 104+31 96 50-172 87±39 87 32-205 .03* 

% RDA Iron 145 + 38 140 86-242 124+33 123 59-209 .03* 

% RDA Zinc 81±19 80 42-151 65+17 66 33-110 .00** 

MAR (%)' 96.1±3.5 97.1 83.6-100 91.0^7.4 93.1 0.3-100 .00** 

" Percent of RDA for each nutrient refers to the 1989 Recommended Dietary Allowances for women 51+ years old. 
b Significance level p<.05. 
° Mean +. standard deviation. 
d Values compared between groups using Mann-Whitney U tests.   All other nutrients compared using t-tests. 
e MAR= mean adequacy ratio and was calculated for each subject as the mean percent of RDA for intakes of all 10 nutrients 

(vitamins A, C, Bl, B2, B3, B6, B12, calcium, iron, zinc); percents over 100 were truncated to 100 before calculating 
the mean ratio for each age group so nutrient intakes above the RDA did not compensate for low intakes of other nutrients. 

* p < .05, ** p <. .01 

oo 
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age group so that nutrient intakes above the RDA did not compensate for low 

intakes of other nutrients (Ferrang et al., 1992; Murphy et al., 1992).  The MAR 

value for the young-old was significantly higher than the old-old (p=.00), but MAR 

values for both groups were over 90%, which indicated that the subjects of all ages 

in this sample had adequate nutrient intakes.  Murphy et al. (1992) investigated 

MAR values (based on 15 nutrients, including protein, vitamin E, folate, 

phosphorus, and magnesium) for women aged 51 + , from data in the 1987-88 

Nationwide Food Consumption Survey, and found the mean MAR to be 

83.2_+13.9%, which was lower than both groups of participants in the current study. 

The proportion of young-old and old-old meeting or exceeding 75 % of the 

RDAs for seven vitamins and three minerals for women 51+ years are summarized 

in Table 12.  All of the younger women met 75 % of the RDA for 7 out of the 10 

nutrients (vitamin A, vitamin C, thiamin, riboflavin, niacin, vitamin B12, and iron). 

All of the old-old achieved 75 % of the RDA for only two of the 10 nutrients 

(vitamin A and thiamin).  A significantly greater proportion of the younger women 

met 75% of the RDA for calcium (p = .05) and zinc (p=.00) than did the older 

women. 

Nutrient density of the diets of the two age groups of elderly women is 

summarized in Table 13.  There was a statistically significant difference in kcal/day 

as previously mentioned, but no differences in nutrient density were found for any 

of the individual macro- or micronutrients. 



Table 12.        The number and percent of young-old (65-74 yr) and old-old (75-98 yr) elderly 
women meeting or exceeding 75% of the 1989 RDAs for selected micronutrients. 

MICRO- 
NUTRTRNTS 

YOUNG-OLD 
(ii=38) 

>75% RDAa 

OLD-OLD 
(n=24) 

>75% RDAa 

SIGNinCANCEb 

no. % no. % 

Vitamin A 38 100 24 100 - 

Vitamin C 38 100 22 92 .07 

Thiamin 38 100 24 100 - 

Riboflavin 38 100 23 96 .20 

Niacin 38 100 22 92 .07 

Vitamin B6 35 92 18 75 .06 

Vitamin B12 38 100 22 92 .07 

Calcium 31 82 14 58 .05* 

Iron 38 100 23 96 .20 

Zinc 24 63 5 21 .00** 

* The 1989 RDA for women aged 51 + . 
b Significance level p<_.05. 
* P <. 05 using Chi-square analysis of percentage. 
** p < .01 using Chi-square analysis of percentage. 00 o 



Table 13.       Nine-day mean, median and range of intakes for selected nutrients per 1000 kcalories for young-old 
(65-74 yr) and old-old (75-98 yr) elderly women. 

NUTRIENTS YOUNG-OLD 
(n=38) 

OLD-OLD 
(n=24) 

SIGNIFICANCE1 

Mean" Median Range Mean1' Median Range 

Kcalories/day 1689+309 1628 1159-2602 1457jf319 1426 1045-1989 .01* 

Carbohydrate 
(g/1000 kcal) 137.+ 14 136 108-168 134+.14 134 93-162 .38 

Protein (g/1000 
kcal) 41±6 40 31-55 38±6 40 27-48 .08 

Fat (g/1000 kcal) 35+5 36 20-44 36±7 35 24-58 .30 

Vitamin A" 
(RE/1000 kcal) 860+359 767 429-2123 852+289 787 423-1460 .80 

Vitamin C 
(mg/1000 kcal) 72+22 71 30-128 76±34 72 22-146 .64 

* Significance level p<.05. 
b  Mean +. standard deviation. 
' Values were compared between groups using Mann-Whitney U tests.   All other nutrients were compared using t-tests. 
* p = .01 

oo 



Table 13. (continued) 

NUTRIENTS YOUNG-OLD 
(n=38) 

OLD-OLD 
(n=24) 

SIGNIFICANCF 

Mean" Median Range Meanb Median Range 

Thiamin" 
(mg/1000 kcal) 0.9±0.2 0.9 0.6-1.3 0.9+0.2 0.8 0.5-1.3 .85 

Riboflavin" 
(mg/1000 kcal) 1.1+0.2 1.1 0.8-1.6 1.1 +.0.2 1.1 0.8-1.5 .88 

Niacin (mg/1000 
kcal) 11.8+2.4 11.7 6.4-17.9 11.6±2.8 12.7 3.5-15.7 .74 

Vitamin B6 
(mg/1000 kcal) 1.0±0.2 1.0 0.5-1.7 1.1+0.3 1.1 0.6-1.5 .94 

Vitamin Bn" 
(ug/1000 kcal) 3.1+2.6 2.4 1.1-17.2 2.5 + 1.6 2.4 0.4-8.9 .20 

Calcium 
(mg/1000 kcal) 494+132 475 295-842 471 + 148 485 228-854 .54 

Iron0 (mg/1000 
kcal) 9+2 8 6-14 9+2 9 3-13 .36 

Zinc0 (mg/1000 
kcal) 6±2 6 4-13 9.+2 9 3-12 .29 

* Significance level p<.05. 
b  Mean +_ standard deviation. 
° Values were compared between groups using Mann-Whitney U tests.   All other nutrients were compared using t-tests. 
* p = .01 oo 

to 
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It might have been expected that the young-old compared to the old-old 

women in this study would have greater nutrient densities since they consumed more 

kcal/day, more nutrients/day, and had higher levels of physical activity (MLPA). 

Both age groups, however, had similar nutrient densities.  This finding may suggest 

that older women were more aware of their need to choose nutrient dense foods with 

their limited energy intake, or that the younger women used increased physical 

activity as a strategy to include more calorically dense foods in their diets.  Thus, in 

this study through the factor of age, a trend of greater physical activity, and 

increased kcal consumption and nutrient intake was seen among the younger women, 

but this did not necessarily lead to a more nutrient dense diet compared to the older 

women. 

Anthropometric Data of Young-Old and Old-Old Subjects 

Both the mean weight and the height of the old-old women were significantly 

lower than those of the younger women (Table 14).  Frisancho (1990) published 

anthropometric standards from data collected from the first and second National 

Health and Nutrition Examination Surveys (NHANES I and 11) for men and women 

aged 1 to 74 years.   The standards for body measures are given in 5 year intervals 

with the two highest age groups being 65-69.9 and 70-74.9.  Therefore, comparisons 

with the standards of Frisancho were made only for our young-old group whose age 



Table 14.        Anthropometric data for young-old (65-74 yr) and old-old (75-98 yr) elderly women subjects 
based on the average values from three repeat measurement phases. 

MEASUREMENTS 
YOUNG-OLD 

(n=38) 
OLD-OLD 

(n=24) SIGNIFICANCF 

Mearf Median Range Mearf Median Range 

Weight (lb) 
(kg) 

153.4±24.5 
69.7+11.2 

149.3 
67.8 

117-210 
53-95 

136.6_+22.9 
62.1±10.4 

137.0 
62.3 

91-178 
42-81 .01* 

Height (in) 
(cm) 

64.0±2.3 
162.6+5.8 

64.0 
162.5 

58-69 
146-174 

61.7+2.9 
156.6+6.8 

61.9 
157.3 

54-66 
137-166 .00** 

BMP 26.9_+4.5 25.9 20-39 25.8±4.3 24.8 19-35 .33 

Waist" (in) 
(cm) 

32.8 + 4.0 
83.4+10.0 

32.1 
81.6 

28-44 
70-111 

32.3+3.8 
82.1±9.8 

31.7 
80.3 

25-40 
64-100 .76 

Hip (in) 
(cm) 

41.6 + 3.7 
105.6+9.5 

40.7 
103.3 

36-52 
91-133 

39.6+3.4 
100.4+8.5 

39.0 
98.9 

32-47 
82-118 .05* 

WHR' 0.8+0.1 0.8 0.7-0.9 0.8+0.1 0.8 0.7-1.0 .06 

" Significance level p.<..05. 
b Mean+standard deviation. 
c BMI (body mass index) = body weight (kg)/height (m2). 
* Values compared between groups using Mann-Whitney U tests.   All other body composition variables compared using t-tests. 
° WHR (waist-to-hip ratio) = waist circumference (in)/hip circumference (in). 
f PBF (percent body fat) derived from the sum of the 4 skinfolds (triceps, biceps, subscapular, suprailiac) using age-specific, 

linear regression equation given in Dumin and Womersley (1974) for women 50+ years old. 
* P <.05 
**p <..01 

oo 



Table 14. (continued) 

MEASUREMENTS 
YOUNG-OLD 

(n=38) 
OLD-OLD 

(n=24) SIGNIFICANCE" 

Mearf- Median Range Mearf Median Range 

Triceps 
Skinfold (mm) 23.7±8.5 24.4 11-44 20.3+6.4 21.0 8-33 .01** 

Biceps 
Skinfold (mm)'1 12.6+.6.0 12.1 2-27 9.8±5.1 8.7 3-26 .04* 

Subscapular 
Skinfold (mm) 17.6^8.1 17.1 6-37 15.1±7.0 13.8 6-28 .19 

Suprailiac 
Skinfold (mm) 23.0±10.0 21.7 6-46 20.9±10.4 17.5 7-44 .44 

PBF* 32.3+.6.6 32.7 16-44 29.6jt6.5 29.6 16-41 .11 

' Significance level pj< .05. 
b Meanjf standard deviation. 
° BMI (body mass index) = body weight (kg)/height (m2). 
d Values compared between groups using Mann-Whitney U tests.   All other body composition variables compared using t-tests. 
' WHR (waist-to-hip ratio) = waist circumference (in)/hip circumference (in). 
1 PBF (percent body fat) derived from the sum of the 4 skinfolds (triceps, biceps, subscapular, suprailiac) using age-specific, 

linear regression equation given in Dumin and Womersley (1974) for women 50+ years old. 
* p <. .05 
** p <..01 

oo 
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ranged from 65-74 years.  According to Frisancho (1990), the percentile standards 

for stature by age of US women indicates the young-old women, with a mean age of 

68.7 years, and an average height of 162.6 cm, would be at the 75th percentile. 

Thus, they would be considered to be at an "average height" for their age.  With 

respect to weight by height standards from Frisancho (1990), the mean of the young- 

old is between the 50th and 75th percentiles. 

Shimokata et al. (1989), in a study of elderly US women, showed similar 

results.   Their old group of women (55-69 years) had a mean height of 162.0 cm 

and a median weight of 62.9 kg, and their very old group (70-96 years) were shorter 

and weighed less than the old group (with a median height of 157.0 cm and median 

weight of 61.0 kg).  Minten etal. (1991)ina Dutch study of elderly women also 

reported heights and weights lower among older (aged 75-79) when compared to 

younger (aged 70-74) subjects.   In another Dutch survey of healthy elderly men and 

women, Lowik et al. (1990) showed that in three age groups of women: 65-69 yr, 

70-74 yr, and 75-79 yr, there were significant differences in body weight and 

height, with a progressive trend for loss of height and weight with age.   The greatest 

variation occurred between those < 75 and those >_ 75 years old.  These 

researchers suggested that changes in body weight are due to decreased physical 

activity seen with increasing age and the accompanying decrease in lean body mass 

(Lowik et al, 1990). 
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Bowman and Rosenberg (1982) stated that for women peak weight usually 

occurs at age 55-65 and then decreases steadily during the next decades of life. 

Pellett (1990) showed, from survey data by the National Center for Health Statistics, 

that US elderly women over 70 years old had a gradual decline in body weight for 

each decade after age 50.  Pellett (1990) contended that less physical activity and 

loss of lean body mass contributed to this trend in reduced body weight seen in older 

women. 

According to Morley (1986), height reduction is 1.2 cm for each 20 years 

after maturity. The height loss seen in elderly women is primarily from the 

shortening of the spinal column and is often accompanied by kyphosis, or excessive 

curvature of the spine. The old-old women in the current study were an average of 

16.8 pounds lighter and 2.3 inches shorter than the young-old women, which is in 

agreement with the observed trend for reduced height and weight with increasing 

age. 

Body Mass Index 

Body mass index (EMI) refers to the ratio of body weight (kg) to height (m2) 

and is used as a measure of obesity in populations (Garrow and Webster, 1985; 

Kubena et al., 1991).  There was no statistical difference between the body mass 

indices of the young-old and old-old elderly women (Table 14).  The National 

Research Council (1989a) reported that the BMI values associated with fewer health 
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risks for older adults increases with age, and therefore they advocate for the elderly, 

a BMI range of 24-29.  Using these latter recommendations, both groups of this 

study have a mean BMI value within the desirable range, and, based on this 

comparison, would have average body builds. 

These results agree with those of Bums et al. (1986) who also found no 

significant differences in BMI between younger (65-74 yr) and older (>_75 yr) 

women.  These researchers also observed the trend of the current study, that the 

young-old had a slightly higher BMI than the old-old.  Shimokata et al. (1989) 

reported that their old group of women (55-69 years) compared to their very old 

group of women (70-96 years) had a smaller but not significant median BMI value 

(23.7 vs. 24.1 kg/m2, respectively).  Thus, overall our subjects were similar to other 

studies with respect to BMI, and were also at levels associated with minimal health 

risk. 

Waist-to-hip Ratio 

Waist-to-hip ratio (WHR), the circumference of the waist divided by the 

hips, is used to measure body fat distribution (Lohman, 1992).   WHR has been 

shown to increase in postmenopausal women over the age of 50 years.  The fat 

distribution changes which occur in older women have been thought to be a result of 

hormonal changes after menopause.   Forbes and Reina (1987) found the WHR of 
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postmenopausal women increased from a mean value of 0.75 seen in young women, 

to 0.8. 

There were no significant differences noted between the WHR values for the 

young-old and old-old subjects, both having identical mean values of 0.8.+0.1 

(Table 14).  This finding coincides with other researchers (Shimokata et al., 1989), 

who found no significant differences in WHR values between their younger groups 

of elderly women (WHR of 0.78) and their older elderly women (WHR 0.80). 

Percent Body Fat Estimated from Skinfolds 

Four skinfold measures were used to estimate percent body fat (PBF) 

according to sites used by Dumin and Womersley (1974): triceps, biceps, 

subscapular, and supraihac.  The triceps and biceps were significantly different 

between the two age groups, in both cases the younger women having larger values 

(Table 14).  In comparison to triceps and subscapular percentiles published by 

Frisancho (1990) for US elderly women up to the age of 75, the triceps value for the 

young-old was between the 50th and 75th percentile using the 65-69.9 age category 

as a reference, and, using the 70-74.9 age group as a reference, the young-old value 

falls between the 25th and 50th percentiles.  The mean subscapular skinfold for the 

young-old subjects was between the 25th and 50th percentiles, using both the 65- 

69.9 and the 70-74.9 age group standards. 
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Shimokata et al. (1989) reported lower triceps values for their comparable 

age groups, but higher subscapular measures.  Voorrips et al. (1991) in a study of 

elderly Dutch women (aged 60-79) found that women who were more active had 

significantly lower mean biceps (10.1 ±3.5 mm) compared to more sedentary elderly 

women (11.9±3.8 mm) of the same age, and their triceps skinfold was slightly 

lower than the less active women as well. 

Percent body fat of the sample was estimated using the sum of the four 

skinfolds to calculate body density applying an age-specific regression equation 

given by Dumin and Womersley (1974) and then by using Siri's formula to predict 

PBF.   These equations and an example are given in Appendix L.  Accuracy when 

converting the skinfold measurement to PBF also depends on the appropriate choice 

of equation used to predict the body density and subsequent body fat.  The equations 

used should coincide with the instrument the researchers used to develop the 

equations.  The prediction equations developed by Dumin and Womersley (1974) 

were derived from data using Lange calipers, which were the ones used in this 

study. 

There were no statistically significant differences between the mean estimated 

PBF of the two age groups (Table 14).  There are limited documented data for a 

healthy PBF for elderly persons due to their heterogeneity, and intervening factors 

associated with health and disease of this population.  Further investigation into the 
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relationship between optimal health and percent body fat in this older population is 

needed. 

According to Frisancho (1990), "average fat status" values for PBF, defined 

as values between the 15th and 75th percentiles for adults aged 65-75 years, are 

between 31-42%.  The younger women in this study had mean PBF values within 

this range.  The older subjects, whose age ranged from 75-98 years, had lower 

mean PBF values than this standard reference.   Currently, these are the only 

standards for elderly women available for comparison, and the PBF estimation is 

derived from only two skinfolds, the triceps and biceps, not the four sites this study 

used.   Thus, PBF estimations based on different or fewer sites, or dissimilar age 

groups may not be comparable. 

Validation of Percent Body Fat Estimated from Skinfolds 

To evaluate the accuracy of the four skinfold measures used to estimate the 

PBF of our elderly subjects, the PBF estimated from four skinfolds and PBF 

determined from the dual energy x-ray absorptiometry (DEXA) method was 

compared for five subjects.  The DEXA procedure is considered to one of the most 

accurate and technologically advanced measures of total body composition, with the 

ability to discern bone mineral calcium and percent non-bone fat tissue of the body 

(Jensen, 1992; Lohman, 1992; Wilmore, 1992). 
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The results of the comparisons are shown in Table 15. The differences 

between the two methods, using the DEXA value as the standard, were not analyzed 

statistically, however, the mean percent error of skinfolds was 5.4% with a range of 

3.3-7.0%.   The acceptable range given in the literature (Durnin and Womersley, 

1974; Jensen, 1992; Lohman, 1992; Lukaski, 1987) for error of the skinfold 

measurement for estimating PBF, compared to that determined by hydrostatic 

weighing, is between 3-6% .  Thus, this mean percent error was thought to be 

within an acceptable range, and the skinfolds described can be considered a usable 

measure for predicting PBF in this sample of elderly women. 

Implications and Recommendations for Future Research 

In this study, the relationship between the mean level of physical activity 

(MLPA) of sixty-three healthy elderly women, their dietary adequacy (with respect 

to energy and 10 micronutrients) and body fatness (measured by WHR, BMI, and 

PBF predicted from four skinfolds) was investigated.  There is little in the current 

literature about the use of an average activity factor, MLPA, as a means to rank 

order subjects or to establish its relationships to other variables (LaPorte et al., 

1984), especially among elderly women.  Determination of MLPA from self- 

reported records showed a very narrow range of physical activity levels among all 

subjects, demonstrating the homogeneousness of the sample.  There were no 
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Table 15.       Comparisons of percent body fat (PBF) values obtained through 
dual energy X-ray absoiptiometry (DEXA) and four-site skinfolds 
for five elderly women subjects. 

Subjects DEXA 
(PBF) 

Skinfolds" 
(PBF) 

Magnitude and 
Direction of 
Difference 

between 
Skinfolds and 

DEXA 

Percent 
Error 

of 
Difference 

(%) 

1 29.7 25.6 -2.1 7.0 

2 24.5 23.7 -0.8 3.3 

3 45.7 43.3 -2.4 5.3 

4 27.2 28.1 + 1.9 7.0 

5 33.8 35.3 + 1.5 4.4 

Mean Percent 
Error (%) 5.4 

The triceps, biceps, subscapular, and suprailiac skinfolds were used for 
estimation of PBF using the age-specific, linear regression equation given 
in Dumin and Womersley (1974) for women 50+ years old. 



94 

correlations of MLPA with any of the nutritional adequacy measures (energy or 

nutrient intakes); likewise, MLPA was not correlated with any of the three body 

fatness measures; however, the correlation coefficients were positive for most 

dietary adequacy measures and negative for all three body composition indices, 

supporting the initial hypothesis.  The results of this study should be replicated with 

respect to MLPA as the independent variable.  More information is needed to 

determine the accuracy of MLPA as a measure of physical activeness among this 

population and what other possible confounding factors may contribute to dietary 

habits and body composition among elderly women. 

Investigation of the effect of age on the diet and body fatness parameters, by 

dividing the sample into 65-74 and 75-98 year old subgroups, showed a statistically 

significant decreased physical activity, reduced body fatness, and lower intake of 

several nutrient adequacy measures, with increasing age.  Age as a variable was a 

stronger predictor of these health parameters than MLPA.  Further research is 

needed with a larger random sample of elderly women to verify the strength of age 

in predicting the occurrence of other positive health outcomes and identify other 

factors which influence them.  A possible interaction of age and physical activity 

may yield additional information as to the cumulative effect of these two variables in 

predicting health status of seniors.  Additional research could help delineate 

appropriate exercise prescription guidelines for the elderly, and strategies to enhance 

compliance to a physically active lifestyle. 



95 

The exercise history of elderly women may also be useful in deciphering the 

contribution of physical activity throughout the life span. Documented tools to 

measure exercise participation over a life time is limited to recall surveys.   The 

memory of the aged is often not reliable for recollection of activities performed 

earlier in life, thus, there is a need for more accurate methods of data collection in 

this area if total lifetime physical activity is to be used in the equation for factors 

contributing to improved health at older ages.  Longitudinal studies of elderly 

women measuring the effects of longtime exercise participation and nutritional status 

may be the most revealing study design for investigating these relationships. 

In this study, a single physical activity pattern question with five possible 

degrees of daily activity given to subjects, resulted in the same categorization of the 

subjects in ranking order as determined using MLPA.  The accuracy of this question 

to ascertain daily activity patterns should be validated in another study. Also, the 

possible ramifications of using a simple survey in place of daily logs to establish 

current patterns of activity should be investigated further among the elderly. 

Body composition standards are also lacking for the elderly population and 

especially for those past 74 years of age.  Frisancho (1990) has developed norms for 

selected anthropometric measures (including skinfolds and percent body fat) from the 

US population from the NHANES I and n data for women 65-69.9 years and 70- 

74.9 years.   More research is needed, however, to determine other accurate 

assessment methods for ascertaining body fatness among the elderly.  In addition, 
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most subjects in research samples are representative of healthy elderly persons, and 

therefore, the influence of disease on body measurements is largely unknown. 

Women compared to men in particular, may become more heterogenous as they age, 

which makes the challenge of body composition assessment a more complicated task. 

Research is currently being done with elderly women in such nationwide surveys as 

NHANES HI which includes persons over the age of 74 years.   It is anticipated this 

data will yield some additional information about the status of elderly persons and 

the means to assess nutrient adequacy and body composition in the old and very old. 

Future research using multi-compartment models of the body and advanced 

technology should also contribute to our understanding of the associations between 

nutritional status and healthfulness in relation to body composition among elderly 

women. 
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SUMMARY AND CONCLUSIONS 

Few studies have examined the effects of varying activity levels on nutrient 

intake and body composition among elderly women.  Sixty-three elderly women 

(aged 65-98) participated in this cross-sectional study, which was designed to 

ascertain whether levels of physical activity among a sample of healthy elderly 

women would be positively associated with their energy intake and nutrient 

adequacy, and negatively related to their body fatness, and to examine more fully 

the extent and degree of the effects of age, on these variables. 

The results of this study showed that mean level of physical activity (MLPA) 

in this sample of elderly women, was not directly related to energy intake, nutrient 

adequacy, or three body composition parameters, but that age was an important 

predictor of these variables.  The correlation coefficients between MLPA, energy 

intake, mean adequacy ratio (MAR), and with percent RDA for 8 of the 10 

micronutrients were positive (calcium and riboflavin were negative); and correlation 

coefficients between MLPA and all three of the body fat measures were negative, 

but none were significantly correlated with MLPA. 

Many studies have found positive correlations between energy expenditure 

and energy and nutrient intake, and negative correlations with amount and 

distribution of body fat. However, the difficulty in measuring physical activity 
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quantitatively is one of the major factors which can obscure these relationships. 

Day to day variation in physical activities is also common, and thus consistency of 

measurements may be impossible.    The 9-day average intensity factor (MLPA) was 

used as representative of each subject's general activeness and as a means for 

ranking subjects on a continuum of physical activity. 

The average activity factor used in the development of energy 

recommendations for American women 51+ years old (NRC, 1989b), is 1.5 or 

light-moderate activity; however, a lower activity factor is indicated for persons over 

75 years old.  The range of activity (MLPA) for all 63 of our subjects was 1.2-2.0, 

with a mean value of 1.45+.0.11.  Therefore our subjects (mean age 72.0.+6.5) 

were comparable in activity to the average level of US women over age 50.  The 

range for MLPA values of the sample as a whole was narrow. In general our 

subjects were possibly more active than this age group on the national level.  The 

method used to determine a mean level of physical activity in our sample was 

perhaps not a sensitive enough tool to distinguish differences in their activity 

patterns that would account for variations seen in energy intake, nutrient adequacy, 

and body composition. 

Multiple backward stepwise regression models revealed that of all the 

independent variables entered into the analysis (education, age, MLPA), age 

accounted for the most variation in each dependent variable, except in the case of 

kcal/kg body weight. The influence of age was anticipated; however, its greater 
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contribution than that of MLPA to the variation among the dependent variables, was 

not expected. 

Subjects as a whole, based on MLPA values, had very similar activity levels, 

but they varied greatly in age from 65-98 years.  To determine the degree and extent 

of the influence of age on energy intake, nutrient adequacy, and body fatness, the 

subjects were divided into younger (65-74 years old) and older (75-98 years old) 

subgroups.   The young-old women proved to be significantly more active than the 

old-old women (p=.02).  The younger women spent significantly more time doing 

light intensity activities (p=.04) compared to the old-old women.  The time allotted 

for heavy intensity exercise did not differ between the two groups, both reporting 

proportionately lower amounts of time when compared to the other categories. 

Therefore, the young-old group reported being more active in daily living than the 

old-old, but neither age group performed many activities considered to be of 

moderate or high intensity.  This was consistent with the literature.  Physical activity 

steadily declines after the fifth decade of life for both men and women (Brooks, 

1987; Buskirk et al., 1971; NRC, 1989b; Pellett, 1990; Taylor et al., 1984). This 

decline is most evident in decreased participation in moderately intense activities, 

such as fast walking, social dancing, cycling, and gardening. 

Comparison of mean energy intake between the two groups showed that the 

young-old ate significantly more kcal/day than the old-old (p=.01).  The literature 
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supports this decrease in energy intake seen with aging, especially those over age 

75. 

Both the younger and older groups ate similar proportions of their daily 

calories from fat, carbohydrate, and protein.  Eight of the ten micronutrient intakes 

significantly differed between the two groups (thiamin, riboflavin, niacin, vitamin 

B6, B12, calcium, iron and zinc); in each case the old-old women consumed less 

than the younger group.  Nutrients least adequate in both age groups were calcium 

and zinc. 

The old-old women had a significantly lower MAR than that of the young-old 

(p=.00).  This suggests that possibly due to their greater energy intake and 

requirement because they were more active, the young-old women had higher 

vitamin and mineral intakes compared to the old-old.  Both groups' MAR values are 

higher than the 1987-88 NFCS adequacy ratio for US women beyond age 50. 

Even though individual mean nutrient intakes differed between the groups and the 

young-old women had a lower MAR, the nutrient densities (nutrient/100 kcal) of the 

two age groups were not significantly different for any of the 10 nutrients. 

The young-old subjects were significantly heavier (p=.01) and taller 

(p=.00) than their older counterparts.   Mean triceps and biceps skinfolds for the 

young-old were significantly higher than the old-old (p=.01 and p=.04, 

respectively).  These two measures represent extremity fat distribution.  With 
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advanced age the body fat pattern in women becomes less peripheral and more 

centrally located, and the results support this trend. 

Based on the sum of four skinfolds, percent body fat was not significantly 

different between the two groups.  The literature indicates that after the 7th decade 

of life, body weight and body fat in elderly women decreases (Frisancho, 1984; 

James et al., 1989; Taren and Schler, 1990), and many factors other than activity 

status have been shown to influence body composition changes including the 

presence of disease and socioeconomic influences (Goodwin, 1989).  One positive 

effect of increased activity may be a lower percent body fat for elderly women. 

Moreover, since the young-old subjects were more physically active (greater MLPA 

values), it would follow that, as a benefit of a more active lifestyle, their measures 

of body fat would be less than those of the old-old women. However, results 

revealed that a more complex interaction of age and activity may be indicated, with 

respect to body composition as well as nutrient adequacy. 

The heterogeneity created by advanced age complicates clear associations 

between activity, diet, and health parameters.   Future research is needed with age as 

a variable, to resolve the relationships that exist between various physical activity 

levels, diet adequacy and body fatness in populations of elderly women. 
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Connie Georgiou, PhD, RD 
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7-Day Food and Activity Record 

SubjectI 

Starting Date       Ending Date  

Dear Participant: 

Here is the booklet to keep your 7-day Food and Activity 
Record for the above dates.  The pink pages are all related 
to your Food Record and the blue pages are all related to 
your Activity Record.  Carefully read the instructions and 
the sample of each kind of record before you begin your 
7-day records. 

For each day be sure you complete both a Food Record (pink 
page) and Activity Record (blue page). Completeness is 
important to the study so please check each day's records to 
be sure they represent the entire 24-hour period of 5:00 AM 
one day to 5:00 AM the next day. One of our interviewers 
will telephone you early in the week you are keeping your 
records.  She will make an appointment with you to come to 
your home at the end of the week and review your records 
with you.  She can answer questions about how to fill out 
the records but she will not be able to offer advice or 
information about the nutritional quality of foods at this 
time.  Remember, you will receive a complete analysis of 
your usual diet at the completion of the study. 

If you have questions about completing your records please 
don't hesitate to call us at 737-0965.  You can leave a 
message after seven rings if we're temporarily out of the 
office. 



Instructions for 

7-DAY FOOD RECORD 

Record everything you swallow, including water and any nutrient or food 
supplements you take.  You do not need to record medications you take. 

Record, for each day, only the amount of each food you ACTUALLY EAT - not 
necessarily the amount that was on your plate. 

Keep each day's food record by clock time of day, starting with the first 
thing you eat or drink after 5:00 AM and continuing until 5:00 AM the next 
day.  If you get up and eat or drink during the night, record this on the 
previous day's record, not on the next day's.  Croup the items you eat and/or 
drink together next to a single clock time. 

Begin each day's record on a new "24 Hour Food Record" form.  If you run out 
of lines go on to the back of the page marked "continued".  A sample day's 
record follows the instruction pages. 

*Time - This means clock time, for example 7:00 AM or 3:30 PH. 

•*Type, Preparation and Amount of foods  - On the following pages are 
examples of descriptors for different categories of foods, their amounts and 
preparation methods. 

***Where Eaten - For example: at home, a restaurant. Burger Chef, a friend's 
house, camping out, a relative's house 



Bread 

Cereals 

Rice 

Pasta 

Beans 

Type Preoarat ion Mfiimt 

white, whole Toasted Slice 
wheat, rye French toast 
Brand name 

Brand name Cold or cooked Estima 

white, brown, 
other type 

Cooking method 

dry, fresh. Boiled only, boiled 
whole wheat, spinach,  and baked, boiled 
other type and sauted, other. 

navy, kidney, etc. Boiled only, boiled 
and sauteed, etc. 

volume in 
cups or parts of cups 
of cereal. Estimate milk 
and sugar separately. 

Estimate volume in cups of 
cooked rice. 

Estimate volume in cups of 
cooked pasta alone. 
Estimate sauce separately 

possible.  If necessary, 
estimate cups of mixture. 

Estimate volume in cups of 
cooked beans. 

Fruits,    canned, frozen, fresh Cooked or raw 
Vegetables 

Juices     canned, frozen, fresh 

Salads     tossed, Waldorf, etc.  Cooked or raw 

Estimate volume of cut-up 
fruit/veggies in cups or 
parts of cups or by the 
Each, i.e., one small plum. 

Estimate volume in cups or 
part cups. 

Estimate volume of each 
ingredient, i.e, 1 cup 
shredded iceberg lettuce, 
2 Tbls. chopped green 
pepper.  List dressing 

00 



separately. 

Milk whole, 1%, 2%, skim, 
buttermilk, other 

Usually none Estimate volume in cups or 
parts or cups. 

Yogurt     Brand name, container Usually none 
description, plain 
or flavored, with 
fruit, low-fat, 
frozen yogurt (Brand). 

Cheese     swiss, sharp Cheddar,  Usually none or 
spread, cheese food,   as part of a 
process cheese, string recipe, 
cheese, part-skim, etc. 

Estimate volume in cups or 
parts of cups. 

Estimate weight in ounces 
from total package weight 
or volume in cups, Tbls.or 
tsp. if shredded, or number 
of slices if presliced. 

Cream, 
Creamers 

Meats 

Mixed meat 
dishes 

sour cream, half and 
half, cream cheese, 
powdered coffee 
creamer, frozen 
coffee creamer. 
Brand name. 

chicken, pork, etc., 
loin chop, shoulder 
roast, thigh with or 
without skin, % fat 
in ground meat, etc. 

Name type and list 
ingredients (tuna 
casserole with 
noddles, mushroom 
soup, peas and 
breadcrumbs. 

Usually none 

Broiled, boiled, 
fried, baked, etc. 
With or without 
added fat. 

Baked, fried, 
boiled, etc. 
With or without 
added fat. 

Estimate volume in cups or 
Tbls. or tsp. 

Estimate cooked weight in 
ounces.  Cooking loss is 
usually about 1/4 of raw 
weight. 

Estimate volume of the 
finished product you ate 
in cups or part cups. 

VO 



Ice Cream   Brand, name, flavor 

Pudding Brand name, type 

Estimate volume in cups or 
part cups or Tbls. 

Homemade or bought.    Estimate volume in cups or 
Specify kind of milk  part cups or Tbls. 
used if any. 

Other: 

Solid fats. Brand and type, 
oils       liquid or solid 

Estimate volume in Tbls., 
tsp., cups or parts of any 
of these. 

Salad      Brand and type, 
dressings,  specify lite, 
mayo.       lo-cal, or other 

description on 
label. 

Ingredients if 
homemade. 

Estimate volume in Tbls., 
tsp., cups or parts of any 
of these. 

Jam, 
relish, 
mustard. 

Brand and type, 
flavor 

Ingredients if 
homemade. 

Estimate volume in Tbls., 
tsp., cups or parts of any 
of these. 

to 
O 



Beverages: 

Coffee/tea brewed, Instant, 
decaf. 

Beer/wine   rose wine, lite 
Spirits    beer, brandy, 

bourbon, etc. or 
whiskey sour. 

Estimate volume in cups or 
part cups.  List sugar, 
cream, etc. separately. 

Estimate volume in cups, 
part cups, or jiggers 
(1.5 fl. oz/jigger) of 
ingredients or whole drink 
volume. 

Pop/other Brand and type, 
sweet diet or regular 
drinks 

Snacks: 

Crackers 

Chips 

Nuts 

Candy 

Desserts: 

Cookies 

Cake 

Brand name 

Type - Brand name 

Type 

Brand name or type 

Brand name or type 

Type, with/without 
icing. 

Homemade or Bought 

Homemade or Bought 

Estimate volume in cups or 
part cups. 

Number 

Estimate volume in cups or 
part cups. 

Estimate volume in cups or 
part cups or number of 
nuts. 

Weight from package, number 
of pieces, or each if whole 
candy bar. 

Number and size 

Heasurments of piece, i.e., 
2,,X2"X4" with icing, or 1/6 
pie. 

K) 
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24   HOUR  FOOD  RECORD 
Subject Number /3V 
Day of Week TT/ete/u, 
Date    flu* u, tf   (, 

Time' Food Iten 
Type and 
Preparation** Amount** 

Where 
Eaten*** 

5J0flml      (Lo-^LA- &UUc»4-tl -   AtAf^U^- ^-jLCX^l /^v*OL_ 

AtX tUutfuU 3-    <U<J) 
AxiLA-^ k*-Adx^ 

&*-    QjLMjtJjf 
JSL C^/» 

•<-^y^-^ / ^p 
(LtM*-- Ot^~j*L I  CU^p 

Or-o u^kj a. h - (uk, U . I SQM.CJI^ 

t^zt 5i-ra.u^kjLAA^ - kotmmjuU. 2-    As/o. 

±4 ^~y- ^- Z-M^s ^ fc, 
/0MM^\   <UAf<tt>txL^ 

C^U/ix- 
&w+tcLy Fu>i»i-■%<*„! 6> -jgaiit. 

•S^/S^. 6 /T^y 3'lffV 
fTi<nd\   /f nfcuU 

fkrlggJ-    IVfl-M. V- / gty? 
2iLJ ^7  , ^^ /  ^p 

/»^W| 
7^M 

c^LL ^SJA-^ra^ f- 

QjjL^OriluiZ 
fahLufP I \ht-J^ 

6Ut^i>— IO~U*JUL_  ks~KLuh 
(ibik 

2. AjLuU^a 

JU-hi^H +LJ!JLM<A foxilt. -H trn^tu*^-. / rti*,. 

-&*£*- 

•^y G^/> 
~h<WH^t. Is. 4**- s^m Vs*fM\cJji sgu/) (u/h*^ Jh. iHd^ 

jUMS, (Uwrot*, petechxs IK c^fs 
dUitke^ Hiiq>l      fente^ Sfee / ^/y^i 

Pfgl-tUv- / K^tlu^^ 

y<L^ Lipfon u/<<- /   Cuyo 
8"/'A? 1 P^e^^_^,rL^Sll^ M//    Kjgphe^l   H P'^0 1 y^,/ hi I 

Yes ̂  No Was your intake unusual in any way? 
If yes, how and why was it unusual? . 

-Y /ki   £^u   at- 
^ 

Did you  take any vitamin or mineral  supplements  today?    Yes   V^ No 
If yes,   how Mny? _J_ Name and  Brand   Pr^W     i^f^^r:        ^oTT-huy    pluA. t 



24 HOUR FOOD RICORD 
Day of 7 

Subject Nuaber 
Day of Week   
Date 
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Tine* Food Itea 
Type and 
Preparation** Amount** 

Where 
Eaten*** 

Was your intake unusual in any way?  Yes      No 
If yes, how and why was it unusual? 

Did you take any vitaain or nineral supplements today?  Yes_ 
If yes, how cany?      Nane and Brand  ~ 

No 
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IHSTRUCTIOMS FOR KKBPINQ 7-DAT ACTIVITY RECORD 

This 24-hour activity record Is organized In 2-hour blocks of 
time for each day to help you keep track of your activities, 
beginning at 5 am one day and continuing to 5 am the next day. The 
record Is arranged In three columns A, B, and C. To complete this 
record, follow the Instructions outlined below and the example 
given on the next two pages. 

COLUMN A: Write down all of your activities each day in 
column A entitled, "Description of Activity and Location" 
(see example). 

COLUMN B: Refer to the descriptions of the five activity 
categories listed below (I, II, III, IV, V) to aid you In selecting 
the appropriate category for each activity you engage In by placing 
the corresponding Roman numeral In column B headed "Category I-V". 
If some of your activities are not listed In the actual category 
descriptions given below, use your best judgement In choosing the 
appropriate category (see example). 

COLUMN C: Use column C labeled "Estimated Minutes Spent in 
Bach Activity" to record the actual number of minutes for all your 
activities. The total number of minutes for  each 2-hour block of 
time should be equal to 120 minutes (see example). 

ACTIVITY CATEGORIES 

I. 

II. 

RESTING: 

VERY LIGHT: 

HI.  LIGHT: 

•IV.  MODERATE: 

Sleeping and lying down. 

Most stationary, seated and standing 
activities: painting, reading, driving, typing, 
sewing, cooking, playing cards, playing a 
musical Instrument, eating, personal grooming. 

Slow walking on a level surface, yoga, house- 
cleaning, child care, playing golf, shop.Ing. 

Past walking on a level surface, 
gardening, carrying a load, cycling, 
tennis, social dancing. 

HEAVY:      Walking upstairs or uphill with a heavy load, 
running, hiking, aerobic dancing, swimming. 
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DAT OF WKBC;    HuadJUi- 
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ColM k Colaa | COIM C 

ri« of tar 

S:MM-T:N1I 

(Kaily NotnlD)) 

TzIUH-^UII 

(Hid Koroiof) 

OoalptlM of Ictlrltr 
«d lout IN I-f 

J Oteuisk /uM&siq but 

Out -hcrmt) 

\ 7r, 

(alt oJ-'himt) 

r 

TZZ: 

IlMtts to«at 

JO 

to 
30 

JO 

9:NiV-U:»lll (ftOMctufdMJl, 

AmcA; 

ll:WiH:Mn 

(tail] Ifternooo) 

VL 

m 
HZ 

to. v cuzt to 
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it 

m 

45 
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30 

(Mid Afternoon) 

):W«-S:Mrt 

(Late ifternooa) 
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r 
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30 
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'5 
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APPENDIX B 

Food Model Kits 



FOOD MODEL KITS 
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Food Model Measure 

Generic Bean Models 
Dry beans on paper plate 1 cup 

1/2 cup 
1 tablespoon 
1 teaspoon 

Artifical Models 
Variety of meats (pork chop, 1 ounce 
turkey slice, beef patty) 2 ounces 

3 ounces 
Tuna 1/4 cup 
Cheese slice 1 ounce 
Butter pat 1 teaspoon 
Mashed potatoes scoop 1/2 cup 

Real Foods - dry cereals in bowls 
covered with plastic 

Cheerios cereal 1 cup 
All-bran ceral 1/2 cup 

Houshold Measures 
Measuring cups 1 cup 

1/2 cup 
1/3 cup 
1/4 cup 

Measuring spoons 1 tablespoon 
1 teaspoon 
1/2 teaspoon 
1/4 teaspoon 

Glasses 
Plastic glasses of various sizes 4-6 ounces 

8-10 ounces 
12-16 ounces 

Cardboard Cut-out shapes 
Cirlces 2, 3, 4, 6 inch 
Squares 2, 4 inch 
Wedge 1/6, 1/9 pie wedge 
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APPENDIX C 

Subject Screening Form 
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6/91 

Telephone Screening for Diet/Exercise Study 

Thank you for -calling. 

If they want sore specifics about the study to start with: 

1. Starts early August and ends before Thanksgiving but 
they don't have to be in town the entire time, just 
not plan to be gone for nore than two weeks at a 
time during that period. 

2. They don't have to eat or do anything different. 

3. They have to be willing to keep 3 weekly records of 
diet and activities and have a student come to their 
house to review it. 

4. They have to be able to get themselves to OSU and 
live within a 30 minute drive. 

5. They have to be willing to come to OSU 3 times for 
measurements. Height; height; caliper measurements 
at upper arm, back and just below the waist; 
bioelectrical impedance, mobility from sitting and 
lying prone positions, fill out questionnaires about 
their opinions. And to follow a few directions 
about fluids the day of each visit. (Maximum of 
3 hours per time). 

6. They have to be willing to fill out confidential 
health history. 

Much of this information is included in the following set of 
questions and it will be faster if you can convince them to 
let you start taking down information about them and giving 
them information about the study at the same time. 
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1. Vour Naa« 

(and how do you like to be addressed?) 
2. Your Address and Phone Number 

(street address) 

(city and zip code) 

(phone number) 

3. Will you be ablt to provide your own transportation to OSU? 
yes    no  
If no, explain .hat we have no way to get then here and 
transportation is a condition of participation. They 
may be able to arrange rides with a friend.  If not, 
"I'm sorry, it's just not possible to participate 
unless you can get here for appointments. Would you 
like us to keep your name for future studies? Thank 
you for your time and interest. 

4. Do you live within a 30 minute drive of OSU? 
yes    no  
(This would include Corvallis, Albany, Adair, Philomath) 

5. Do you have any condition which would prevent your walking for 30 
minutes at a time? 
yes  no  
If yes, try to make sure they understand they will not be asked to 
actually do it.  I would say people who have severe arthritis, 
emphysema, hip problems, foot problems would fall into the "yes" 
category. 

6. Do you have any condition or expect any situation which would change 
your usual diet or activity pattern during this period? 

If yes, ask to describe  

Diet - . 

Activity -  
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7. Do you currently participate in any regular activity (either on your own 
or in a formal class) designed to maintain or improve your physical 
fitness? 

yes  no  

If no,  a) Have you ever participated in such an activity? If yes, 
a) How long ago was the last time 

you did? 
b) What activity was it? . 
c) Why did you stop?  

If yes, a) What activity is that? 
b) How often do you do this?  
c) For how long do you do it each time?  
d) For how long (months, years) have you been 

doing this activity?  

8. Do you expect to be out of town for more than 2 weeks at one time from 
early August up to Thanksgiving. 

yes  no  

If yes, when and for how long? If they are gone for a 
longer period it will probably alter their eating and activity patterns. 
If yes, get the description and say you will review it with the Project 
Leader and get back to them promptly. 

9. If you didn't explain the protocol at the beginning of the conversation 
do so at this point. Or you may need to review some of the points. 

10. Would you like to participate in the study? 

yes   no  

If yes, 

11. Would you be willing to agree not to start a weight reduction or 
weight gaining diet or change your exercise pattern between now and 
Thar, sgiving? 

yrs    no  

If no, "Thank you for your interest." 

12. If they are a viable prospect tell them you will send them a 
confidential health questionnaire form and Informed Consent form for them 
to complete and mail back in the envelope provided by  . 

Let's set up an appointment now for your first measurement lab in August. 

Thank you very much. We will be counting on you to be one of the study 
participants and are looking forward to working with you for the next few 
months.  If you have any questions about the forms please don't hesitate to 
call me at 
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APPENDIX D 

Subject Informed Consent Document 
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Informed Consent Docuaent 

Than* you for volunteering to participate in a 14-veeJc nutrition 
research study (August 4 - Noveafcer 22) to provide information about 
the diet, activity patterns and body composition of older women 
Please read the following agreeaent carefully and sign it indicatina 
your inforaed consent to participate in the study: * 

ACR£EM£KT: 

During the 14 weeks of the study I will continue to follow ay usual 
eating and activity patterns. I will keep « record of everything I 
eat and drink and ay activities during the first, seventh and 
fourteenth week of the study. At the end of each of these weeks I 
will aeet with a researcher at ay home to review ay recorded 
infomation. I will also come, by appointment, to the OSU Dept of 
Nutrition and Food Manageaent, Mllaa Hall, for height, weight bodv 
fat and physical mobility aeasurenent, during the first, seventh and 
fourteenth week of the study. At these sessions I will also complete 
some short questionnaires regarding ay opinions about foods physical 
activity and health. Each session will take no aort than three hours. 

All of the personal, diet, activity and health information 1 provide 
and all data froa the physical aeasureaents taken will be held in 
strictest confidence.  I understand that I will be treated with 
respect for ay privacy during the study and that there is no reason to 
expect any side effects froa participating. I agree to answer the 
questions about ay personal health requested on ay Confidential 
Information Form and I aa aware that some people find this stressful 
Physical aobility aeasureaent involves stretching froa the waist in a 
sitting position and there is always a remote possibility of ainor 
injury or soreness to joints or auscles. At the end of the study I 
will receive a summary and explanation of the nutrient content of ay 
usual diet, ay body coaposition and physical aobility aeasureaents  I 
understand that I can withdraw froa the study at any tiae, but ay 
signature indicates ay intention, at this tiae, to complete the entire 
fourteen week study. 

If you have any questions about this research or your participation 
please contact the Project Leader, Connie Ceorgiou at 737-0965. 

Participant's signature     Date  Project Leader's signature  Date 
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APPENDIX E 

Subject Confidential Information Form 
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TEAR SHEET 

This cover sheet is the only reference to your naae and will be 
discarded upon.receipt and your Participant Identification Nuirier 

only will be used on all research materials. 

Confidential Information Fona 

Nutrition Study 

Your Name 
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1.   Date of Birth: 

Participant  Identification »_ 

Confidential   Inforaation for* 
Hutrition Project 

Month/Day/Year 

Place of residence:  Check one. 
Individual house, duplex,   or nobilf hose _ 
Apartaent  (no aeals or home services provided)   
Apartaent   (seals or hoae services provided)    

Describe which aeals and services you receive: 

Other  (Please specify). 

3.   Racial/Ethnic Identity 
Asian   Hispanic   
Black   Native Aserican 
Caucasian   Other  (specify) 

i.  Marital Status:    Please specify:    

5.   Do you live:  Alone?   
With other faaily aemberfs)  ?  

If so, who? 
with one or acre non-faaily aenbers?   

6. Present Height:  ft. in.  Present Weight lbs. 
(without shoes) (without shoes) 

7. What was your tallest lifetiae height?  

t. Has your weight increased or decreased aore than 10 pounds 
over the past two y^ars?  Yes     Ho 

If yes, please describe the tiae and circuastances 

9. What was your highest lifetime weight? (non-pregnant) lbs. 

10. Do you sncke?  Yes   No 

11. Do you take any vitaain, aineral or other nutritional 
suppleaents?   Yes   No 

If yes, please list thea by brand naae and specify how often 
you take each one. 
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12. Do you currently take any prescription Dedications on a 
regular basis?  yes  No 

If yes, please list and specify how often taken 

13. Have you been hospitalized during the past two years for any 
reason?  Yes   No 

If yes, for how aany total days? 

14. Do you follow any kind of special diet?  Yes 
If yes, please specify: 

If yes, who recomnended this diet? 

No 

15. In general, would you say the healthfulness of your diet is: 
Excellent    Very Good   Good   Fair   or Poor?   

16. Do you have trouble biting or chewing food? Yes   No   
If yes, do you think you have this trouble because of: 

Poor fitting dentures?   
Loss of teeth or dentures?   
Other reason* (please specify)   

17. Would you describe your appetite as: 
Excellent   Good   Fair   or Poor?   

18. Do you currently have any condition or liaitation which 
prevents you fron your usual physical activities?  Yes  No 

If yes, please explain: 

19. Has a doctor ever told you that you have: 
diabetes   allergies   
high blood pressure   cancer   
osteoporosis   ulcers   
bone fracture   angina   
arthritis   
heart problems (specify)  
spastic colon/diverticulitis   
Dental depression requiring Dedication   
cirrhosis   

For those you checked, please give year of diagnosis and 
your current status with respect to the condition: 
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20. Do you take estrogens?  Yes  Mo 

21. Are you < vegetarian?     Yes Ho 
If yes,  circle  the  type of vetgetarian diet you follow: 

lacto-ovo Vegan Other   

22. Do you have any  regularly planned physical  exercise activity? 
 Yes     Ho 

If no, go on to question 124. 

23. If yes, what is the type of activity? (i.e., walking, 
swimaing, aerobics, etc.  

Hov sany tines each week or aontb do you do this activity? 
 tines per veek or  tiaes per aonth 

About hov aany ainutes, on the average, do you spend at this 
activity each tine?    ainutes 

For how long would you say you've been doing this type of 
physical activity, or another type, on a regular basis? 

Started during the past 6 aonths   
Six aonths to one year   
More than one year but less than two years   
More than two years . If so, how aany?  

24. If no, have you previously engaged in regularly planned 
physical activity on a regular basis?  Yes  Ho 

If yes, hov long ago?   

25. Are you currently employed?  Yes  Ho 
If yes, what is your occupation?. 
Do you work- full tiae   or part-tiae  ? 

If no, have you ever been eaployed?  Yes  Ho 
If yes, what was your occupation? 
Did you work full tiae  or part tiae ? 

26. Would you describe your current household income as: 
Less than $10,000 per year   
Between $10,000 and $20,000 per year   
Between $20,00 and $30,000 per year   
Between $30,000 and $40,000 per year   
Greater than $40,000 per year   
I prefer to keep this information private  . 

n.   <*"ot  Is U.t highest  level of education you havt conpleted ? 

  Loj than hi<jh school dlplona  Waster's Dfjttt 

  High school dlplora   Doctor*te 

 Sore college but not a decree  Professional training 
or certification 

  Bachelor's de-^iee 
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APPENDIX F 

Physical Activity Factor Values 
For Five Activity Categories 
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PHYSICAL ACTIVITY FACTOR VALUES FOR 
FIVE ACTIVITY CATEGORIES 

(NRC, 1989b; Dumin and Passmore, 1967) 

ACTIVITY CATEGORY ACTIVITY FACTOR VALUE 
PER UNIT OF TIME 

I. Resting 1.0 

H. Very Light 1.5 

m. Light 2.5 

IV. Moderate 5.0 

V. Heavy 7.0 
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APPENDIX G 

Excerpt for Estimation of Mean Level of 
Physical Activity 
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EXCERPT FOR ESTIMATION OF MEAN LEVEL OF 
PHYSICAL ACTIVITY (MLPA) 

Mean Level of Physical Activity (MLPA) was calculated as a measure of the 

average level of physical activity for the elderly women subjects in this study. SPSS 

computer program was used for calculations and statistical analyses of MLPA. 

For each subject, for each of 9 days, the number of hours spent in each category 

was multiplied by the published corresponding activity intensity factor to arrive at a 

weighted factor. This weighted factor was divided by 24 hours to get the mean daily 

activity factor. MLPA was estimated by averaging the 9 days of mean daily activity 

factors. An example is provided below from information from the WHO (1985) and 

the 1989 Recommended Dietary Allowances (NRC, 1989b): 

Activity Category Hours Weighted Activity Factor 

Resting, 1.0 10 10.0 
Very Light, 1.5 12 18.0 
Light, 2.5 2 5.0 
Moderate, 5.0 0 0.0 
Heavy, 7.0 0 0.0 

TOTAL 24 33.0 

Mean Daily Activity 
Factor 1.38 

MLPA (Average of 9 day means) 1.40 
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APPENDIX H 

Activity Questionnaire 
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Subject i 

(EGHT HJSTOUf / ACTIVm QtESTICNHAIRB 

1. At the present time, how vould you describe your health ? 

  Excellent   Fair 

 Good  Poor 

2. At the present time, do you consider yourself to be: 

 Very underweight        Somewhat overweight 

 Somevfiat underweight     Very overweight 

  About the right weight 

3. Have you ever been on a diet to reduce your body weight? YES or NO 

If YES: 

a. Please indicate during *<hlch periods of your life you have dieted? 
(place a check In front each appropriate age range) 

 10-20 years old  60-70 years old 

 20-30 years old  70-80 years old 

 30-40 years old  80-90 years old 

  40-50 ye rs old   90-100 years old 

  50-60 year; old 

b.    Milch of the following sources of weight reduction diets have you used 
during the past 10 years ?  (check all that apply) 

 Coimerclal diet program (e.g. Weight Hatchers, Nutrl-Systems) 

 Doctor/dletltlan reconwended diet 

 Over-the-counter liquid diet (e.g. Slim Past) 

 Over-the-counter diet pills (e.g. Dexatrlm) 

 Popular diet book weight reduction plan 

 Self-designed diet 

  Other     
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Do you weigh   MORE,   LESS,  or ABCX/T THE SAME   now, conpared to 
20 years ago ? 

a. If you weigh MORE now, to what do you attribute your weight gain ? (check 
all that apply) 

 increased calorie Intake        Decreasing energy needs 

 Decreased physical activity     . A weight gain diet 

 Poorer food choices  Other  

b. If you weigh LESS now, to Uvat do you attribute your weight loss ? (check 
all that apply) 

 Decreased calorie Intake       Decreased Interest In food 

 Increased physical activity    Specific Illness  

 Better food choices  other    

  A weight loss diet 

S. As a teenager or younger adult, did you participate in sports ? yES or NO 

If VES, what type ?  

S. During which of the following periods of your life, if any, did you engage 
In what you would call a regular program of vigorous exercise? (please check 
all that apply) 

 less than 20 years old         60-70 years old 

 20-30 years old  70-80 years old 

 30-40 years old  80-90 years old 

 40-50 years old  90-100 years old 

  50-60 years old  None of the above 

7. Daring the past 10 years, how would you describe changes In your ability to 
perform physical activities that INCREASE YOUR HEART RATE, such as going up 
stairs, walking fast, or bicycling ? (please check one) 

 It has increased   It has rerralned the same 

  It has decreased 
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8. During the past 10 years, how would you describe changes In your ability to 
perform physical activities that require STRQJCTH, such as lifting or carrying 
a load, getting up from a seated or lying dovn position ? (please check one) 

 It has Increased   It has renalned the sane 

  It has decreased 

9. CMrlng the past 10 years, how would you describe changes In your ability to 
perform physical activities requiring FLEXIBILITY, such as bending from the 
waist, or turning to look or reach behind you? (please check one) 

  It has increased   It has remained the sane 

 . It has decreased 

10. Do you do any type of stretching on a regular basis to maintain or inprove 
your mobility ? YES     or  NO 

11. Have you ever, during the past 10 years, experienced persistent low back 
pain ?    YES or NO 

12. How vould you describe your usual activity pattern NOW ? (check only one) 

 I am sedentary pretty ituch all the time. (Go to question 114) 

 I am quite sedentary on most days, but occasionally exercise 
vigorously. (Go to question 114) 

 I am quite sedentary during the day, except for ny regularly scheduled 
vigorous exercise. (Go to question 113) 

 I am energetic in ay usual chores, hobbles and leisure time 
activities, although I do not participate in any regularly scheduled 
vigorous exercise. (Go to question 114) 

 I am energetic in my usual chores, hobbles and leisure tine 
activities, and I also participate In regularly scheduled vigorous 
exercise. (Go to question fl3) 

  Other  

13. From the following choices, please choose the most Important reason(s) V+fY 
you exercise: (check all that apply, and if more than one, please rank your 
reasons) 
 To cope with stress  To inprove your flexibility 

 To feel more energetic   To control/reduce you: weight 

 To strengthen your heart          To enhance your sense 
of well-being 

 To strengthen your muscles        Other   

Do you usually exercise: (check all that apply) 

 Alone  With relatives   With friends   In large group 
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14. From the following choices, please chocae the most Ircportant reason(s) you 
DO NOT participate In regularly scheduled vigorous exercise: (check all that 
apply, and If more than one, please rank your reasons) 

 You are already healthy enough       You are not motivated 
to exercise 

 You lack the time  You want to avoid the 
risk of Injury 

 Doctor advised you not to  You do not enjoy 
exercise 

 Disability limits your activity  Other   

15. From the following sources of fitness information, please check the TORE 
you would say have Influenced you the moat over the past 10 years: 

 Magazines  

Books on exercise 

Professional journals 

Newspaper   

. Television Program  

, Doctor / Dietitian 

Family and/or friends 

Exercise Instructor / Physical therapist 

Other  
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APPENDIX I 

Default List 



DEFAULT LIST 
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Recorded As Default Item 

Fruits & Vegetables 

apple 
apple -large 
banana - small 
banana - large 
raisins 
blueberries 
applesauce (homemade) 
pear 
pinneapple 
orange juice 

baked potato 
broccoli, cooked 
mixed vegetables 
lettuce 
squash 

2.75 inch, with peel 
3.75 inch, with peel 
0.75 each 
1.25 each 
seedless, unpacked 
fresh 
sweetened 
Bartlett, 161 grams 
canned, light syrup 
Orange juice prepared from 

frozen 
without skin 
from frozen 
frozen, cooked 
iceberg lettuce (1 c) 
acorn 

Breads & Cereal 

white bread 
wheat bread 
whole wheat bread 
dinner roll 
muffin (homemade) 
apple/raisin muffin 
combread 
bran flakes cereal 
com flakes 
Oroweat Hazelnut/Health nut bread 
pizza 
spaghetti 

white bread, 28 gram/slice 
part whole wheat, 28 gram/slice 
whole wheat bread, 28 gram/slice 
dinner roll, comm. 
plain muffin, recipe 
plain muffin + 1 tsp raisins 
2x2 inch square 
40% Kellogg's 
Kelllogg's 
mixed grain, 33 gram/slice 
regular crust 
cooked without salt 
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Top Ramen noodles 
rice 
casserole 

chicken flavor, 2 c pkg. 
white rice regular 
tuna casserole 

Meats & Nuts 

chicken - on sandwich 
chicken - for dinner 
steak 
ham 
ham lunchmeat 
beef 
lamb 
fish 
burrito 
tuna 
meat loaf 
liver 
peanuts 
almonds 

chicken roll, light meat 
chicken meat, all roasted 
sirloin, lean & fat 
roasted, lean & fat 
lunchmeat, regular 
beef round 
loin chop 
cod, broiled 
meat -I- beans 
canned, oil packed 
beef only 
beef liver, fried 
dry roasted, salted 
dry roasted, salted 

Dairy Products 

milk 
sour cream 
yogurt 
cheese 
mozzarella cheese 
cottage cheese, low fat 
cottage cheese 

2% milk 
cultured 
lowfat, plain 
cheddar 
part skim 
low fat, 2% 
4% milkfat 

Fats 

margarine - stick 
margarine - tub 
oil 
salad dressing 
Miracle Whip 

80% fat, hard (1 T) 
60% fat, softspread (1 T) 
com oil (1 T) 
Ranch salad dressing (2 T) 
mayo-type salad dressing 



Desserts 
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chocolate candy 
doughnut 
brownie 
chocolate cookie 
chocolate sauce 
sugar wafer 
berry pie 
cake 

whipped topping 

chocolate candy kiss 
cake type, plain 3.25 inch 
with nuts, homemade 
homemade 
chocolate syrup, thin 
sugar cookie, 1/2 cookie 
blueberry, 1/6 piece 
yellow   cake,   chocolate   icing, 

pce=l/16th, from mix 
dessert topping, non-dairy frozen 

Snacks 

popcorn 
chips 
pretzels 
french fries 

cooked in oil and salted 
tortilla chips 
thin sticks, 2.25 inches 
frozen, prepared cooked in 

vegetable oil 

Condiments 

Mustard/mayonnaise 
gravy 
taco sauce 

1 tsp/slice bread 
from dry mix 
salsa 

Beverages 

gin/rum/vodka 
wine 
tea 
coffee 
diet cola 

80 proof 
white, medium 
brewed 
brewed 
with aspartame 
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APPENDIX J 

Percent Missing Values in Data Base 
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PERCENT MISSING ENTRIES IN DATA BASE 

NUTRIENTS PERCENT MISSING ENTRIES 

Kcalories 0.0% 
Protein 0.0% 
Carbohydrate 0.0% 
Total Fat 0.0% 
Saturated Fat 1.9% 
Monounsatu rated Fat 2.1 % 
Polyunsaturated Fat 2.2% 
Cholesterol 1.5% 
Dietary Fiber 2.1% 
Carotene 2.7% 
Retinol 2.8% 
Total Vitamin A 1.0% 
Vitamin C 1.9% 
Thiamin 0.6% 
Riboflavin 0.3% 
Niacin 0.6% 
Vitamin B6 3.0% 
Vitamin B12 2.4% 
Folate 2.9% 
Calcium 0.2% 
Iron 0.5% 
Zinc 2.1% 
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APPENDIX K 

1989 Recommended Dietary Allowances 
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APPENDIX L 

Excerpt for Estimation of Percent Body Fat 
from Skinfolds 



EXCERPT FOR ESTIMATION OF PERCENT BODY FAT 160 

FROM SKINFOLDS 

The estimated percent body fat (PBF) for elderly women subjects in this 

study was determined from the regression equation of the logarithm of skinfolds on 

body density, obtained from hydrostatic weighing, given by Dumin and Womersley 

(1974) for women aged 50 and over, and the use of Siri's (1956) equation.  The 

estimation of PBF for the elderly women in the current study was made in the 

following steps using SPSS computer software. 

First, every subject had four skinfold sites measured during each of the three 

phases of the study.  The four skinfolds used were: triceps (TS), biceps (BS), 

subscapular (Sub), suprailiac (Sup).  The three measurements taken at each skinfold 

site were averaged to get a mean value for each skinfold.  These four individual 

mean skinfold values for each subject were then added together to get the sum: 

Sum of four mean TS + mean BS + 
Skinfolds (mm) =   mean Sub + mean Sup (1) 

Second, body density (BD) was predicted using the age-regression equation 

for women aged 50 years and over, relating the log^ of the sum of the four 

skinfolds (Dumin and Womersley, 1974): 

BD (g/mL) = 1.1715 - (0.0779 x log^ sum of four skinfolds)    (2) 

Third, the estimated  (PBF) associated with the predicted body density was 

then calculated using Siri's (1956) equation: 

PBF = [(4.95/BD)-4.50] x 100 (3) 



An example of PBF estimation from skinfolds is given below: 
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TS BS Sub Sup 

Phase I 18 12 19 26 

Phase H 18 14 17 28 

Phase m        18 10 18 27 

Mean Values (mm)    18 12 18 27 

Sum of Four 
Skinfolds (mm) = 18 + 12+18 + 27 (1) 

= 75 mm 

BD (g /mL) = 1.175 - (0.0779 x log10 75) (2) 

= 1.029 g/mL 

PBF = [(4.95/1.029) - 4.50] x 100 (3) 

= 31.0% 
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APPENDIX M 

Excerpt for Using Mann-Whitney U Statistical Test 
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EXCERPT FOR USE OF THE MANN-WHITNEY U STATISTICAL TEST 

All statistical analyzes for this study were performed using Statistical Package 

for the Social Sciences (SPSS) program.  To determine whether a t-test or 

nonparametnc test was required for comparisons between groups, a Kolmogorov- 

Smirnov (K-S) statistic with a Lilliefors significance level of .< .05 was used to test 

normality for all variables.  The K-S test compares the cumulative distribution 

function for a variable with a normal distribution and tests whether the distributions 

are homogeneous.  It is sensitive to aiiy difference in median, dispersion, and 

skewness between the two distributions (SPSS Reference Guide, 1990). 

When distributions of variables in both groups were normally distributed, t- 

tests were used for comparisons between the young-old and old-old elderly women. 

When the distribution of a variable from either group differed significantly from the 

normal distribution, the nonparametric Mann-Whitney U test was chosen to compare 

variables, since these evaluations could not be based on parametric statistics which 

compare means.  The Mann-Whitney U test is considered to be an excellent 

substitute for the t-test for uncorrelated data (Siegel, 1956; Downie and Heath, 

1970). 

The Mann-Whitney U test compares two independent samples defined by a 

grouping variable on a single test variable.   It is a nonparametric or distribution-free 

test and makes minimal assumptions about the underlying distribution of the data; 
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only that the shape and spread of the two populations are the similar, but not 

normally distributed (Downie and Heath, 1970).  The test statistic uses the rank of 

each case to determine whether the groups are drawn from the same population 

(Siegel, 1956).    Cases are ranked in order of increasing size, and the test statistic U 

(the number of times a score from Group 1 precedes a score form Group 2) is 

compared (SPSS Reference Guide, 1990). 

' The following formulas given by Downie and Heath (1970) express these 

computations , where N, and N2 are the two sample sizes, ERX and ER, are the sum 

of the ranks for each sample.  To Obtain U: 

N.tNj + 1) 
U, = N.Nj +  - ER, (1) 

N.CN, + 1) 
U2 = N,N2 +   - ERy (2) 

If U, < U2, then U, = U. The z ratio can then be computed using the 

smaller of the two U values, where the numerator is U minus the second term, 

which is the mean of U, and the denominator is the standard deviation of the U: 

U - (N.N^) 
z =  (3) 

v  [N.Nj (N, + N2 + 1)]/12 
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The SPSS program display shows the mean rank of the variable within each 

group, the valid count of each group, the Mann-Whitney U, the W statistic (the rank 

sum of the smaller group), and the two-tailed probability of Z corrected for ties. 

For fewer than 30 cases using the SPSS program, an exact significance level is 

computed.  For more than 30 cases, U is transformed into a normally distributed Z 

statistic. 

The  following is an example of the SPSS printout for comparison between 

the young-old and old-old elderly subjects of mean kcalorie intake per day: 

MEAN KCALORIE INTAKE PER DAY 

Mean rank Cases 

36.29 38   young-old 

23.92 24   old-old 

62   Total 

Corrected for ties 

U W Z 2-TailedP 

274.0 574.0 -2.6302 .0085 
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Since the Mann-Whitney U test compares the rank order of the variable of 

interest for each group and not the mean or median, it becomes difficult to report 

statistically meaningful results.   Therefore, for all sample variables in this study, the 

mean.+standard deviation, the median, and the range were al presented to describe 

as completely as possible the comparisons between groups. 


