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ABSTRACT 

The present study was designed to test the hypotheses that there would be 

physical, affective, and cognitive function decline from baseline at 3 months and 6 

months for the total group and within age groups and that decline would be predicted by 

nutritional status. Serum concentrations of albumin, cholesterol, hemoglobin, and percent 

lymphocytes and white blood cells (to calculate total lymphocyte count) were measured; 

fat reserves and somatic protein were estimated from anthropometry; and physical signs 

of malnutrition and a composite of nutritional status indicators were assessed. The 

participants in the 6-month longitudinal smdy were females and males aged 75-96 years 

(N= 132). 

Physical flmction was measured by the Physical Self Maintenance Tool (PSMT). 

the Instrumental Activities of Daily Living (LADL) scale, and the Tinetti Balance and Gait 

Evaluation to assess decline. Affective flmction was measured by the Geriatric 

Depression Scale (GDS). Cognitive function was measured by the California Verbal 

Learning Test (CVLT). Where decline was significant (p < .05). nutritional parameters 

were used to predict (p s .10) decline in this exploratory research. 

Logistic regression revealed physical decline in balance and gait which was 

predicted by high or low total lymphocyte counts and low fat reserves. Aspects of 

cognitive decline were predicted by low fat reserves; by combined low fat reserves, low-

albumin. low cholesterol, and low Mini Nutritional Assessment scores; and by combined 

high fat reserves and high cholesterol. 
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INTRODUCTION 

Aging has replaced birth rate as the most important population issue in developed 

countries (Olshansky. Cames. & Cassel. 1993). Human life expectancy has doubled fix)m 

approximately 40 years to nearly 80 years since the beginning of the 20th centiuy. The 

baby boomer generation accounts for 78 million people, nearly one third of the U.S. 

population. The first wave of the baby boomer generation is in their early fifties 

(Chemofif. 1996). The aging of the baby boomer generation is predicted to more than 

double the number of 65 and over adults by the year 2030 (fix)m -33.9 million in 1996 to 

-69.4 million in 2030). 

The older population is getting older also. The 65-74 age group (18.7 million) was 

eight times larger in 1996 than in 1900. but the 75-84 group (11.4 million) was 16 times 

larger and the 85- age group (oldest old; 3.8 million) was 31 times larger (American 

-Association of Retired Persons. 1997). The Census Bureau projects that by the year 2040 

there will be between 8 and 13 million Americans 85 years of age or older (Bureau of the 

Census. 1993). This increase in and aging of the older adult population in the face of a 

shrinking under 65 population indicates the need for action to prevent cost and quality of 

life issue crises for elders. 

Medical and gerontological literature often point out that the cost of medical care 

for oldest old people is disportionately high. The need for long term care services 

increases exponentially with advancing age. Fifteen percent of men and one quarter of 

women over the age of 84 live in nursing care centers as compared with only 1.4 percent 
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of those aged 65 to 74 (Schneider & Guralnik. 1990). Quotes like "30 percent of the 

Medicare budget is spent on six percent of the Medicare population in the last year of 

life" (Geriatrics panel discussion. 1989) are not unusual. In 1987 figures showed the 65 

and over age group represented 12% of the U.S. population but accounted for 36% of 

total personal health expenditures (totaling S162 billion and averaging S5.360 per older 

person; American Association of Retired Persons. 1997). In 1992. 53.9% of the older 

population reported having one or more disabilities which limited them in carrying out 

activities of daily living (ADLs) and instrumental activities of daily living (lADLs; 

.American Association of Retired Persons, 1997). The association between increased age 

and increased disease and disability is not controversial. The controversy is about the 

extent to which the negative consequences of disease and disability, functional decline, 

can be prevented (Miller. 1990). 

Explanation of the Problem 

Functional decline is not equally distributed in the older population nor is the rate 

of decline. For some people in this heterogeneous group the rate of decline is slow. 

Genetic factors and lifestyle habits affect adaptive capacity (one's ability to overcome or 

effectively cope with injury) and functional reserve (percent of an organ required to 

perform adequately^ and may contribute to the lifespan of the oldest old. Healthy older 

old individuals have a high threshold for acquiring disease and a slow rate of disease 

progression according to the theory of James Fries (Perls, 1995). In addition, healthier 

lifestyles and medical advances have the potential of compressing morbidity, mortality. 
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and disability into a relatively short period of infirmity (Perls. 1995) delaying the onset of 

chronic diseases by about 10 years (Fries. 1992). Since nutrition is one factor in healthier 

lifestyles, the question arises. "Is it possible to isolate nutrition parameters that predict 

those who decline and those who don't?" Nutritional indicators of ftmctional status 

decline are extrinsic factors: if predictive they may be treatable thus preventing or 

slowing decline. 

Functional decline in the elderly is a significant problem possibly related to two 

factors: the negative effects of malnutrition and not having a clear picture of adequate 

nutritional requirements for the older adult. How much of the decline is associated with 

malnutrition or if nutritional problems can predict ftmctional decline has not been 

determined. Adequate nutritional requirements in the healthy older adult have not been 

clearly defined. It is known that many eiders are malnourished and nutrition plays a key 

role in keeping the human body ftmctional (Goodwin, Goodwin. & Garry, 1983: Guigoz, 

Vellas. & Garry. 1994). An inadequate supply of a given nutrient(s) to body cells and 

tissues leads to clinical symptoms of malnutrition. Nutrient inadequacies may result ftxsm 

a lack of food availability (primary deficiency) or be conditioned fit)m an increase in 

requiremenL a reduction in absorption or availability, a reduction in storage facilities, or 

inadequate intakes (Berg & Cassells, 1990). 

If nutrient availability to body tissues continues to be inadequate, nutrient stores 

are reduced and body dimensions, organ ftmction, and immune ftmction may be affected. 

Levels of the nutrient or its products fall in body fluids and tissues. The result is altered 
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enzyme activity (biochemical lesions), altered rates of protein and other metabolicaliy 

active compound production, and changed efBciency of dietary energy utilization 

(protein-energy malnutrition). Organ dysfunction and biophysical defects lead to 

functional consequences. Early tissue changes represent the subclinical stage of 

nutritional disease. The next stage is the appearance of clinical symptoms and signs of 

dietary deficiency (i.e.. weakness and lethargy with anemia; McLaren, 1992; Sheldon. 

1988). A consequence of this last stage could be premature decline in the older adult. 

Decline in the younger old and the older old may differ depending on when the 

negative effects of malnutrition manifest. We do not know the age at which inadequate 

nutrient availability actually affects body tissues, fluids, and dimensions leading to 

biophysical defects and organ dysfunction with physical functional consequences. Decline 

may differ among the younger old and the older old. The rate and type of affective and 

cognitive decline may also differ among age groups. Decline may be prevalent at a 

particular age and then plateau or decline may be progressive. If the older old have 

reached a plateau, significant decline may not be seen in this group. On the other hand, if 

decline is progressive, the rate of decline may be more unrelenting in one age group than 

the other due in part to the negative effects of malnutrition. Also, physical, affective, and 

cognitive decline trajectories may not be similar. Since we do not know how nutrition 

affects rate and types of premature decline they were smdied here. 

The focus of the research for this dissertation involved identifying nutritional 

predictors of physical, affective, and cognitive fimctional status decline in the older 



13 

adult. Nutritionai status (indq)endent) variables were subjective and objective. They 

included measures of visceral protein, immune competence, cholesterol, anemia, somatic 

protein, fat reserves, physical signs of malnutrition, and the Mini Nutritional Assessment 

(MNA; Guigoz et al., 1994). In addition, the variable of age was also explored. 

Literature Review 

Malnutrition is a serious problem in the elder population. As compared with 

younger people, individuals over the age of 70 consume one third less calories and forty 

percent of subjects over the age of 70 are significantly underweight (Lipschitz, 1991). 

Both independently living and institutionalized elderly have been found to have energy 

intakes below the Reconmiended Dietary Allowance (RDA; Food and Nutrition Board, 

1989). For example, in the independent living population one third of the energy intakes 

of the subjects were below the RDA; minerals and vitamins were below the RDA in up 

to 50%. with blood levels being subnormal in 10-30% (Abbasi & Rudman, 1994). Thirty 

to 50% of the institutionalized subgroup of U.S. older adults were found to be 

substandard in body weight, mid arm muscle circumference, and serum albumin level 

indicative of protein-calorie malnutrition (Abbasi & Rudman, 1994). Blood values 

were frequently found to be low in both water-soluble and fat-soluble vitamins (Abbasi & 

Rudman. 1994). 

A study of healthy elderly people who received an ordinary vitamin-mineral 

supplement or a placebo for one year resulted in approximately half as many infections 

and improved levels of T cells in the supplemented group (Chandra, 1992). This suggests 
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some older adults have diets deficient in one or more nutrients or that nutrient 

requirements are higher in some older adults. 

Malnutrition in older persons is associated with the development of frailty and 

physical, cognitive, and affective ftmctional status decline. Approximately 16% of the 

U.S. population 65 years and over ingest fewer than 1.000 calories per day which is 

incompatible with maintaining nutritional status (Morley &. Miller. 1992). At very low 

levels of intake resting metabolism and voluntary physical activity decrease. 

A decline in physical flmctionai status can be the result of poor nutrition. Poor 

nutritional status may lead to sarcopenia, the age-related loss of muscle mass (Evans, 

1995). Sarcopenia is a direct cause of age-associated loss of muscle strength (Evans & 

Cyr-Campbell, 1997). Inadequate dietary protein intake ( amount recommended is 25% 

above the mean tor young subjects) may be an important cause of sarcopenia (Evans & 

Cyr-Campbell. 1997). With age, resting energy expenditure decreases resulting in 

decreased energy needs (as a consequence of declines in muscle mass and physical 

activity). Reduced strength, another consequence of decline in muscle mass, contributes 

to reductions in mobility (Lipschitz. 1991). Physical ftmctional dependency also affects 

the ability to prepare or eat meals increasing the risk of fiirther nutritional status decline. 

Maintaining mobility is the key to preventing uimecessary nursing home placement 

(Blocker, 1992). Rudman, Mattson. Nagraj, Caindec, Rudman, and Jackson (1987) found 

ftmctional impairment directly related to death and death inversely related to body weight 

as percentage of ideal. A loss of physical ftmctional mobility has been associated with a 
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50% mortality rate within 6 to 12 months among nursing home patients (Kemper & 

Christopher, 1991). Decline in functional status in the 75 and over adult (high risk) 

population can be expected within 6 months as an adverse effect of unrecognized, 

untreated, or untreatable nutritional status decline. 

A decline in cognitive and affective flmction is also associated with poor 

nutrition. Nutritional status is associated with both dementia (cognitive functional 

decline) and depression (affective functional decline) which are often foimd to coexist in 

the geriatric population. Folate, vitamin Bg, and vitamin B., deficiencies may specifically 

affect metabolism and cause depressive disorders and dementia (Bottiglieri, 1996; 

Stampfer, Malinow, Willett, Newcomer, Upson, Ullmann, Tishler, & Hennekens, 1992; 

Rosenberg & Miller, 1992; Bell. Edman. Miller. Hebben. Linn, Ray, & BCayne, 1990; 

Goodwin et al., 1983). Depression and weight loss are often intertwined and may be 

related to locus of control (Morlev. 1993; Morley & Kraenzie, 1994). More than 60% of 

patients with clinical depression experience anorexia and weight loss (Nutrition 

Screening Initiative, 1992). Depression is both a cause and an effect of poor nutritional 

status (Nutrition Screening Initiative, 1992). Microcytic anemia (iron deficiency) as well 

as deficiencies of thiamin and riboflavin have been related to cognitive performance and 

neuropsychological function (Tucker, Penland, Sandstead, Milne, Heck. & Klevay, 1990). 

The identification of nutritional parameters that predict tlmctional status decline would 

support early identification and treatment practices to help prevent premature decline. 
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New research on the impact of nutrition has revealed many problems that have 

been attributed to aging are really due to suboptimal diets and nutrient intakes. A quote by 

Dr. Walter Bortz of Stanford University sums it up. '%ve live too short and die too long" 

(cited in Blumberg, 1994). Nutritional deficiencies have been found by Rudman and 

colleagues (1987) to be common underlying causes of adverse clinical outcomes 

including death. 

Achieving adequate nutrient, energy, and protein intakes becomes a very 

important challenge with advancing age. Russell (1997) relates that current RDAs for 

calcium, vitamin D, vitamin B^, folic acid, and vitamin B,, for the older adult are higher 

than for middle aged adults in the face of decreasing energy needs. Inadequate energy 

intakes lead to depletion of body cell mass. It takes an even higher energy intake level to 

restore a depleted body cell mass (Shizgal. Martin. Gimmon. 1992). Protein 

requirements are nov/ thought to be greater for the older adult (Campbell. Crin. Dallal. 

Young, & Evans. 1994). Protein requirements increase even more with injury or stress 

factors. 

To compound the simation. research has found the threshold at which the risk of 

death increased in the older adult population occurred within ±e conventional "normal 

range" for albumin (< 4 g/dl), cholesterol (< 160 mg/dl), and hematocrit (< 41%) and 

subnormal findings are often ignored (Rudman et al.. 1987; Goodwin et al.. 1983). 

Functional decline has been directly related to death and hemoglobin and hematocrit 

levels as well as serum albumin and cholesterol have been inversely related to death 
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(Rudman et al.. 198T). Cholesterol, albumin, and hematocrit ranges of normal for 

younger adults may not be optimal normals for older adults and subnormal values often 

go untreated (Rudman et al.. 1987; Goodwin et al., 1983). The diagnosis of subclinical 

deficiency is often uncertain (Yoimg & Scrimshaw. 1979). 

Cholesterol and weight issues are two examples of decreased intakes being 

promoted in a general way and to the detriment of some, especially the older adult. The 

relationship between cholesterol levels and mortality risk, as well as between weight and 

mortality risk, appears to be U or J-shaped in elders. Risk is increased at the lower as 

well as the upper ranges of cholesterol and relative body weight levels (Hazzard. 1994). 

Low cholesterol levels (130 mg/dl) in nursing home residents (Frisoni. Franzoni. Rozzini. 

Ferrucci. Boffelli. and Trabucchi. 1994) were associated with an eightfold greater risk of 

dying and high cholesterol levels (around 255 mg/dl) with a sevenfold greater risk of 

death. 

With research suggesting an increase in protein and specific mineral and vitamin 

requirements with age there is a need for revision of the RDAs for older adults. Also. 

RD.\s are presently based upon preventing deficiency disease rather than optimizing 

health and preventing chronic disease making it even more difficult to assess the needs of 

older adults. The Food and Nutrition Board of the National Academy of Sciences of the 

United States is presently expanding its firamework for determining dietary allowances 

and multiple reference levels will be provided. The overall process is being called Dietary 

Reference Intakes ( DRIs: Vaies. 1998). Seven panels of scientists are being named to 
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develop scientific bases for all references. Some of the reports have been issued but the 

process is not expected to be complete until 2000 or 2001. 

Somatic protein measures are helpful in establishing protein-energy balance over 

long time periods. As age extends beyond 70-75 years there is a gradual reduction in 

height and weight, a redistribution of total body fat. and a change in tissue elasticity and 

compressibility so National Health and Nutrition Examination Surv ey (NHANES) II 

standards (Najjar & Rowland. 1987) caimot be applied (Grant, 1992). 

The most commonly used weight-for-height tables are the Metropolitan height 

and weight tables (Metropolitan Life Insurance Co.. 1983). The tables were developed 

for insurance purposes and not as a guide for nutritional status. Frame size categories 

given in the 1983 Metropolitan height and weight tables are arbitrary and not based upon 

wrist or elbow breadth of the policyholders. To establish frame size categories weights 

obtained from the policyholder population were combined with elbow breadths from the 

NHANES I data set (Frisancho. 1988). The tables are based upon weights of 

policyholders ages 25 to 59 years of age with lowest mortality. Height and weight tables 

available for older adults are based upon small populations (Chumlea, Steinbaugh. Roche. 

Mukheijee. & Gopalaswamy. 1985) or on older adults in the 1950s (Master. Lasser, & 

Beckman, I960). 

Stature, a major indicator of general body size and of bone length, is important in 

screening for malnutrition and in interpretation of weight (Gordon. Chumlea, &. Roche. 

1988). Stature is recommended measured without shoes (Chumlea. Roche. & Mukherjee, 
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1987). Measuring stature in the older adult is complicated in some by spinal curvature. 

Ideally stature is measxired with the heels, buttocks, shoulders, and head simultaneously 

touching the wall. Getting accurate stature measurements is further complicated if the 

older adult caimot stand or has had lower limb amputations. If the person cannot stand 

upright it is recommended stature be estimated from recumbent measurements such as 

knee height (Chumlea et al., 1987). 

Plasma level of nutrients often used to determine nutrient status are often poor 

measures of tissue levels of the nutrient (Prasad. Fitzgerald. Hess. Kaplan, Pelen, & 

Dardenne, 1993). Vitamin B,, deficiency may cause Alzheimer-like dementia even when 

the deficiency is not reflected in low blood levels of the vitamin (Yen. 1994). When 

\itamin D intakes met requirements, some elders had low blood levels of the active form 

of vitamin D (Yen. 1994). 

Medicine has focused primarily on diagnosis and treatment (Bland. 1998). It is 

now recognized that 75% of our health and life expectancy after age 40 is modifiable 

through changes in lifestyle, enviroimient, and nutrition (Murray & Lopez, 1997). 

Medicine is built on the principle of the deterministic nature of genes and how health is 

controlled by them. We are now beginning to recognize that gene expression can be 

modified. Determining our health as we age is a consequence of how we care for and thus 

modify the expression of inducible genes (genes sensitive to environmental, lifestyle, and 

nutritional factors; Berdanier. 1996; Baeurle, 1994). 



20 

Despite recognition of the importance of good nutritional status, malnutrition 

continues to be a serious problem associated with fiaility and fimctional decline in the 

elder population. To compUcate the issue, requirements for some nutrients increase with 

age in the face of decreasing caloric requirements. Nutritional requirement standards for 

the older adult are currently being written but have previously not been age specific. 

-Anthropometric measures, including weight, have not been recently standardized in large 

populations of older adults. Therefore, this leads to the need for better understanding of 

the prevention of decline in areas where genes can be modified such as nutritional factors. 

General Aims of Study 

This smdy focused on the abiUty of people to care for themselves. The "origin and 

axis" of nursing care is how people care for themselves and how they nmction (Leidy, 

1994). Functional status was operationalized in this research to help clarify the fimctional 

decline phenomena. Functional status was defined as "a multidimensional concept 

characterized by one's ability to provide for the necessities of life" (Leidy, 1994). 

Operationalization of functional status reflects actual performance in relation to ability to 

flilfull self-care roles. Actual performance vs. perceived performance measures potential 

to perform and plays an important role in being able to remain independent. Being able to 

perform independently, in addition to being related to quality of life, is a cost issue. 

In this smdy, physical, affective, and cognitive domains were measured over time 

to determine if fimctional status declined. Where significant decline was observed, the 

relation between nutritional parameters and decline was examined. The nursing analytical 
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framework of functional status (Leidy, 1994) was reformulated to study functional status 

decline in relation to nutritional status. Functional status decline is often preventable. 

Changes in flmctional status over time are inevitable but need not be premature. 

This research is the result of concentrated study and years of experience in the 

field of gerontological nutrition. Nutritional demands in excess of nutrient intakes predict 

hidden consequences that may have negative fimctional status effects (Underwood, 1998). 

Independent variables of The Nutritional Theory of Functional Status Decline (Figure 1) 

focus on parameters of compromised nutritional status to predict functional status decline 

(dependent variables). Decline in three types of flmction (physical, affective, and 

cognitive) that affect ability of an aging adult to remain independent were studied. It is 

believed that each type of decline may be independent or only partially related to each 

other. Also, decline may occur at different rates among age groups. A model of this 

phenomenon is presented in Figure I. 

Measures of Nutritional Status 

The nutritional parameters are measures of nutritional status. Nutritional status 

parameters (independent variables) used in this smdy were biochemical measures 

reflective of visceral protein, immunocompetence. cholesterol, and anemia indicators; 

anthropometric measures reflective of somatic protein and fat reserves indicators; and 

clinical measures reflective of physical signs of malnutrition and a composite of 

nutritional indicators in the Mini Nutritional Assessment (MNA; Guigoz et al., 1994). 

Nutritional indicators were used to predict decline in physical, affective and cognitive 
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Figure 1. The Nutritional Theory of Functional Status Decline 
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functional status (dependent variables). Dependent variables included physical function 

measures: Physical Self Maintenance Tool and Instrumental Activities of Daily Living 

(Lawton & Brody, 1969) and Tinetti Gait and Balance Evaluation (Tinetti. 1986)]; an 

affective function measure: Geriatric Depression Scale (Yesavage, Brink, Rose, Lum, 

Huang, Adey, & Leirer, 1983); and cognitive flmction measures: California Verbal 

Learning Test (Delis. BCramer, Kaplan, & Ober. 1987) indices at baseline, after 3 months, 

and after 6 months. Decline was hypothesized to be related to decreased nutritional status 

as reflected by visceral protein, immunocompetence, cholesteroL anemia, somatic 

protein, fat reserves, physical signs of malnutrition, and the MNA indicators. 

Biochemical Indicators 

Biochemical measures of nutrition in this smdy included albumirL white blood 

ceils and % lymphs (to calculate total lymphocyte count), total cholesterol, and 

hemoglobin. A review of these indicators follows. 

Albumin, the major protein of human plasma, reflects visceral body protein stores 

and decline is a precursor to sarcopenia. .Albumin is synthesized by the liver, at the rate of 

about 12 g/day (Harfenist & Murray, 1993). Rate of biosynthesis is determined by dietary 

protein intake, ambient temperature, and plasma colloidal oncotic pressure near the site of 

synthesis (Heymsfield & Williams, 1988). Serum albumin levels below 3.5 g/dl suggest 

possible visceral protein depletion (Rosenberg, 1994). In this smdy, albumin 

concentrations (albumin indicator) were interpreted as outlined by Grant (1992) to be 2.8-

3.2 g/dl indicative of mild visceral protein depletion, 2.1-2.7 g/dl indicating moderate 



24 

depletion, and < 2.1 g/dl indicating severe depletion. Low albumin values were 

hypothesized to be associated with flmctional decline. 

Total lymphocyte count (TLC) retlects immunocompetence. TLC was calculated 

using a previously published method (Grant. 1992), from white blood cells (WBCs) and 

lymphocytes. VVBCs are considered under 3 groups, one of which is lymphocytes. B 

and T lymphocytes synthesize antibodies and act in cell-mediated immunity (Murray, 

1993). Lymphocyte proliferation and maturation are affected in protein-energy 

malnutrition. Deficiencies of vitamins A. B„ C, zinc, and iron also affect 

immunocompetence (Chandra, 1991). TLC falls especially with protein malnutrition 

(Grant. 1992). TLCs were interpreted in this smdy as outlined by Grant (1992): values 

between 1200 and 2000/mm-' associated with mild depletion, between 800-1199/mm' 

associated with moderate depletion, and less than 800/mm* associated with severe 

depletion. Low values were hypothesized to be associated with decline. 

Total cholesterol reflects the cholesterol indicator response to nutritional 

depletion. Cholesterol is synthesized in many tissues of the body. Approximately half of 

the body's cholesterol is synthesized and the remainder is provided by the usual diet. 

Cholesterol is the precursor of all other steroids in the body including sex hormones, 

corticosteroids, bile acids, and vitamin D (Mayes, 1993). Low cholesterol levels are 

correlated with increased mortality in the long-term care setting. Hypocholesterolemia is 

directly related to body weight as percentile of standard, serum albumin, hemoglobin, 

hematocrit, and ability to walk and feed oneself (Rudman, Mattson, Nagraj, Feller, 
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Jackson. Caindec. & Rudman. 1988) and death (Frisoni et al., 1994; Verdery & Goldberg, 

1991). Low total cholesterol values were hypothesized to be associated with decline. 

Hemoglobin reflects hematologic response to protein and energy intake. 

Hematologic response increases hemoglobin levels when lean body mass increases 

(Torun & Chew. 1994). Lipschitz (1994) presents evidence that declines in hemoglobic 

levels with aging are not a consequence of the aging process but may be caused by protein 

deprivation. Hemoglobin transports oxygen from the lungs to peripheral tissues and 

transpons carbon dioxide and protons from the peripheral tissues back to the limgs for 

excretion. Common anemias (reductions in the amount of red blood cells or of 

hemoglobin in the blood) result from impaired hemoglobin synthesis (i.e., in iron 

deficiency) or impaired erythrocyte production (i.e.. in vitamin B,, or folate deficiency; 

Rodweil. 1993). In this study, hemoglobin was used as the anemia indicator and low 

hemoglobin was hypothesized to be related to decline. 

Anthropometric Measures 

Anthropometric measures of nutrition in this smdy included mid arm muscle area 

(MAMA), usual body weight (UBW), and ideal body weight (IBW) as the somatic 

protein indicator and triceps skinfold (TSF) and subscapular skinfold (SSF) as the fat 

reserves indicator. In addition to these measures, calf circumference (CC), mid arm 

circumference (MAC), and body mass index (BMD were requirements of the 

anthropometric section of the MNA. 
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MAMA. UBW. and IBW percentiles reflect somatic protein mass (primarily 

skeletal muscle). Skeletal muscle accounts for the greatest protein turnover. Negative 

nitrogen balance may be the consequence of increased protein breakdown (inadequate 

calorie or protein intake) or of decreased protein synthesis (decreased protein intake). If 

caloric expenditure is known to be greater than caloric intake, it can be assumed that 

nutritional stams is deteriorating. In this study MAMA. UBW, and IBW percentiles made 

up the somatic protein indicator. Low somatic protein values were hypothesized to be 

related to decline. 

TSF and SSF are reflective of body fat mass. Each is highly correlated with 

estimates of body fat in elderly individuals (Roche. Siervogel, Chumlea. & Webb, 1981). 

Many older adults experience an unintentional weight loss by not meeting their energy 

requirements (Gray-Donald. Payette. Boutier. & Page, 1994). In this smdy fat reserves 

was used as an indicator of body fat mass. Low fat reserves were hypothesized to be 

related to decline. 

Clinical Measures 

Clinical measures of nutritional status included a nutrition assessment of physical 

malnutrition and a composite of nutritional indicators in the MNA (Guigoz et al.. 1994). 

These clinical measures of nutritional status are explained below. 

The physical signs of malnutrition reflect nutritional deficiencies. Tissues that 

proliferate rapidly are most likely to manifest signs of nutrient deficiency (Alpers, 

Stenson, & Bier, 1995). Clinical signs of nutritional depletion are evident at a late stage 
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of being actively malnourished. However, few new tests are available for micronutrient 

status assessment and the tests that are available are often too costly to be routinely run so 

clinical physical examination remains of great importance (McLaren. 1992). In this 

study, physical malnutrition was used as an indicator of overt nutrient deficiency. High 

physical malnutrition values were hypothesized to be related to decline. 

The MNA (Guigoz et al., 1994) is a subjective and objective assessment reflective 

of nutritional status which includes anthropometric, general, dietary, and self perception 

areas. Anthropometric measures relate to protein-calorie intakes. The general area, an 

assessment of lifestyle, medications, psychological factors, mobility, and skin condition, 

both affects and is effected by nutritional status. The dietary area evaluates number of 

meals, food and fluid intake, and autonomy of eating all of which affect and outcome the 

adequacy of nutrient intake. The self perception assessment involves self perception of 

health and nutrition which influences and is effected by nutritional status. Low MNA 

scores were hypothesized to be related to decline in this smdy. 

Functional Status Measures 

The dependent variables were measures of physical, affective, and cognitive 

fimctional status over time. Indicators of each area of functional status are detailed next. 

Phvsical Function 

Physical fimction is the ability to care for oneself and can be measured through 

self report and observation of balance and gait. The Tinetti Balance and Gait Evaluation 

(Tinetti, 1986), Physical Self Maintenance Tool (PSMT; Lawton & Brody, 1969), and 
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Instrumental Activities of Daily Living (lADL; Lawton & Brody. 1969) were used as 

measures of physical functional status. Physical function decline was reflective of gait 

and balance disorders, the inability to perform activities of daily living, or the inability to 

adapt to the environment. 

Physical fimction decline as reflected by decline in gait and balance was measured 

using the Tinetti Evaluation. The Tinetti Evaluation identified and quantified gait and 

balance, a physical fimction necessary for mobility. 

Physical fimction decline as reflected by decline in ability to perform activities of 

daily living (ADLs) was measured using the PSMT. ADLs include activities needed to 

sustain independent living (bathing, dressing, toileting, transferring, continence, and 

feeding; Finch. Kane, & Philp, 1995). 

.A. decline in physical fimction. as reflected by decreased ability to adapt to the 

enviroimient. was measured using the LADL scale. The lADL scale measures ability to 

perform household chores, activities implying mobility, and cognitive activities 

(Finch etal.. 1995). 

Affective Function 

Affective function, not being immobilized by a negative mood state, can be 

measured through self report. Affective fimctional decline is reflected by depression. The 

Geriatric Depression Scale (GDS; Yesavage etal., 1983) was used as the measure of 

affective fimctional decline. Depression is a prevalent and treatable condition associated 

with increased mortality in older adults living in community populations and nursing 
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homes (Rovner. German. Brant. Clark. Burton. & Folstein, 1991; Snowdon. 1990; Bruce 

& Leaf. 1989). Research suggests folate (Bottiglieri. 1996) and vitamin B,, (Bell et al.. 

1990) deficiency may play a primary role in depression. Where GDS scores indicated a 

significant decline, nutritional parameters were logistically regressed against the GDS 

scores to determine if nutritional indicators were predictive of an increase in depression 

(affective decline). 

Cognitive Function 

Cognitive flmction is series of information processing strategies reflected by 

learning strategy, serial position effect, acquisition rate, learning interference, and 

discriminability. The California Verbal Learning Test (CVLT; Delis et al.. 1987) indices 

were used as measures of cognitive ftmctional status. CVLT indices and the cognitive 

concepts they are reflective of are presented in Table 1. 

Learning strategies can be effective, and thus heighten cognitive performance, or 

disorganized. Deficits in learning strategies may indicate difficulty developing or 

maintaining a learning plan. Learning strategy is measured by immediate recall, 

consistency of item recall from trial to trial, and effectiveness of learning strategies 

(semantic vs. serial clustering; Delis, Kramer, Freeland, & Kaplan. 1988). 

Learning strategy, reflected by semantic clustering (consecutive recall of words 

fi-om the same category), results in the most effective encoding into long-term memory 

(Craik. 1984; Delis et al.. 1988; Hunt & Love. 1972). An alternative, less effective 

learning strategy is serial clustering (recall of items in the same order as they were 
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Table I. 

Concepts. Indices, and Definitions of Indices Measured bv the California Verbal 
Learning Test 

Cognitive Concept CVLT Indices Definitions of Indices 

Learning Strategy: List A Total Recall Total number of words recalled on 5 

immediate free recall trials List .A. 

Semantic Clustering Degree to which examinee 

reorganizes the target words into 

categorical groups 

Serial Clustering Degree to which examinee recalls 

target words in the same order as 

presented 

Consistency of Item Recall % of target words recalled on one 

of first four trials recalled on the next 

trial 

Serial Position Effect:% Primacy Recall of words recalled from primacy 

region of List A 

% Recency Recall "/o of words recalled from recency 

region of List A 

table continues 
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Cognitive Concept CVLT Indices Definitions of Indices 

Acquisition Rate: Slope 

Learning Interference: List B Recall 

Increment in words recalled per trial 

over trials 1-5 

Total number of words on I 

immediate free recall of List B 

List B vs. List A Trial 1 Difference in standard scores 

between List B trial and Trial 1 of 

List A 

Short-Delav Free Recall Recall trial of List A after 

introduction of List B 

Short-Delav vs. Trial 5 Difference in standard scores 

between Short-Delay Free Recall 

and Trial 5 of List A 

Short-Delay Cued Recall Cued Recall trial of List A 

Long-Delay Free Recall 

after Short-Delay 

Recall trial of List A after 20 

minute delay 

table continues 
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Cognitive Concept CVLT Indices Definitions of Indices 

Learning Interference: Long-Delay Cued Recall 

Perservations 

Discriminabilitv: Recognition Hits 

False Positives 

Free Recall Intrusions 

Cued Recall Intrusions 

Cued Recall trial of List A 

after 20 minute delay 

Repetition of previous 

responses on a trial 

Examinee endorsement of 

target items and rejection of 

distractor items 

Examinee endorsement of 

distractor items 

Free Recall of responses not 

on the target list 

Examinee Cued Recall of 

responses not on the target 

list 

CVLT = California Verbal Learning Test 
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presented) which is a passive strategy which correlates with poor performance on other 

CVLT indices (Delis. Freeiand, Kramer, Kaplan. Craft, & Rosenbaum, 1985). 

Serial position effect is reflected by learning style. Active learning, where there is 

considerably greater primacy recall, and passive learning style, where there is 

considerably greater recency recall, reflect serial position effect (Delis et al.. 1987). 

Acquisition rate quantifies rate of learning. How quickly a learning plateau is 

reached (slope) and increases in recall from trial to trial are measured (Delis et al.. 1987). 

Learning interference is reflective of problems with encoding or retrieval (Delis, 

et al.. 1987) and has a detrimental effect on ability to leam. Proactive interference is the 

decremental effect of prior learning on the remembering of subsequently learned material. 

Retroactive interference is the decremental effect of subsequent learning on the retention 

of material leamed previously (cited in Delis, et al.. 1987). 

Discriminability difficulties reflect problems in discriminating relevant from 

irrelevant responses, encoding information, or a superficial processing strategy. Accurate 

recognition performance indicates information was encoded. Saying yes to irrelevant 

responses may indicate an encoding problem or a "Yes" response bias (Delis et al.. 1987) 

.A. decline in cognitive fimctional status is the most cortmion important disturbance 

in mental status (Lachs. Feinstein. Coney, Drickamer, Marottoli, Pannill. & Tinetti. 

1990). Nutritional causes of cognitive functional decline include deficiencies of thiamin, 

riboflavin, niacin, pyridoxine, vitamin B,, (Bender. 1984) and iron (Underwood. 1998). 
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Statement of the Purpose 

The purpose of this research was to identify a constellation of nutritional 

predictors of functional status decline. Nutrition prognosticating methods may be able to 

help to identify patients who have increased risk of functional decline. Several indexes 

have shown prognostic significance for morbidity and mortality. An example is the 

Prognostic Nutritional Index (PNI) developed by Mullen. Buzby, Waldman, Gertner. 

Hobbs, and Rosato (1979) which is efficient in discriminating surgical patient 

populations at high risk. Seltzer, Fletcher, Slocum, and Engler (1981) found that of 

surgical patients with both low albumin and total lymphocyte count twice as many 

developed complications. Low cholesterol and hematocrit had prognostic significance as 

antecedents of death in nursing home men (Rudman et al.. 1987) and 

hypocholesterolemia predicted death in Verdery and Goldberg's smdy (1991) of nursing 

home residents. Admission serum albumin level was a predictor of outcome among 

geriatric patients (McEllistrum, Collins, & Powers, 1993). A PNI was developed 

permitting quantitative determination of the risk of nutritionally-based operative 

morbidity and mortality (Buzby, Mullen, Matthews, Hobbs, & Rosato, 1980). It can be 

extrapolated that a PNI can be developed with a rehabilitative or preventive and even 

health optimizing focus rather than concentrating on morbidity and mortality. The 

hypotheses tested were: 

I. There will be physical, affective and cognitive functional status decline from 

baseline at 3 months and 6 months for the total group and within age groups. 
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2. Decline will be predicted by nutritional status at 3 and 6 months for the total 

group and within age groups. 

The independent variables were investigated for their ability to discriminate 

between people who declined and those who did not decline. The ultimate aim of this 

research program is to develop a feasible prognostic nutrition index (PNT) or PNls which 

would predict functional status decline based on available or easily attainable nutritional 

information without much additional cost. 

Explanation of Dissertation Format 

The present dissertation was prepared in manuscript format. The next chapter 

summari2es the methods, results, and conclusions of the study and of two manxiscripts. 

The first manuscript is entitled "Nutrition Parameters Predictive of Physical Decline in 

rhe Older Adult." The second manuscript is entitled "Nutritional Parameters Predict 

Cognitive Decline in the Older Adult." My contribution to each of the two manuscripts 

was as primary author. I wrote the research proposal with guidance fix>m Dr. Phillips, 

recruited participants, and collected the data. Data analysis was completed under the 

guidance of Drs. Lohman and Phillips. The manuscripts were prepared with Drs. Phillips 

and Lohman as dissertation advisors. The research was fimded in part by National 

Institute of Nursing Research Individiial Predoctoral Fellowship 5 F31 NR 07225-03. 

National Institutes of Health; a University of Arizona final project grant; and Nestle 

Clinical Nutrition. 
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PRESENT STUDY 

The methods, results, and conclusions of the present study are presented in the 

x\\ o manuscripts which comprise Appendix A and Appendix B of this dissertation. The 

methods, results, and conclusions presented in these manuscripts are simimarized below. 

The prospective aims of the study were addressed in the manuscripts using baseline 

measures of the subjects to test for decline in function over the 6-month study period. 

Where decline was foimd to be statistically significant, nutrition parameters were 

logistically regressed against each area of decline to determine if the decline could be 

predicted by a nutritional parameterts). The first manuscript examines the power of 

nutritional parameters to predict physical function decline. The second manuscript 

examines cognitive function decline and identifies areas of cognitive decline that were 

predicted by nutritional parameters. Affective function decline was not predicted by the 

nutritional parameters measured and is addressed only in this chapter. 

Methods 

Subjects 

A total of 132 adults aged 75 and over were recruited in western Nebraska by 

community fliers, newspaper stories, and direct mailings to participate in a 6-month 

research project designed to examine the affect of nutritional status on fimctional decline. 

The inclusion criteria were: score of more than or equal to 17 on the Mini-Mental State 

Examination (Folstein, Folstein, &. McHugh, 1975); ability to perform 2 or more 

activities of daily living; no known presence of a catabolic disease (terminal cancer. 
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severe chronic obstructive pulmonary disease, or unplanned weight loss of 7'/2% or more 

in past 3 months); 75 or more years of age; and willingness to participate in the study. 

The smdy was approved by the Human Subjects Committee«Institutional Review Board) 

at the University of Arizona (Appendix C). Those eligible for inclusion were required to 

read and sign a consent form (Appendix D) approved by the Human Subjects Committee. 

Recruited subjects included older adults living in a variety of settings (own home, 

apartments, assisted living facilities, and nursing homes). The subjects who completed the 

smdy (n = 126) participated in 3 face-to-face interviews, each lasting approximately 45-

50 minutes. Two subjects elected to drop from the study and four subjects died before the 

conclusion of the 6-month study. The subjects ranged from 75 to 96 years of age. Thirty-

two subjects were men and 100 were women. Folstein (1975) Mini-Mental State Exam 

scores, reflective of mental status, ranged from 19-30. 

Measures 

Except for biochemical measures, which were obtained only at baseline by 

certified laboratory persoimel, the same researcher administered all tests and took all 

independent and dependent variable measurements on each subject at baseline, 3 months, 

and 6 months. The researcher obtained prior training in administering the tests and 

measures. 

Physical functional status was operationalized using 3 measures (Table 2). The 

Physical Self Maintenance Tool (PSMT; Lawton & Brody, 1969) is a self-rated measure 



Table 2. 

Measures of Physical Function at Baseline. 3 Months, and 6 Months 

Variable Baseline 

.M SD 

PSMT 22.9 2.0 

L-\DL 20.2 5.4 

Tinetti 23.2 4.8 

3 months 

Range M SD Range 

12-24 23.1 1.8 14-24 

6-24 20.6 5.6 2-24 

1-28 22.6 5.5 1-28 

6 months 

M SD Range 

23.0 1.7 5-24 

20.4 5.5 2-24 

21.6 5.8 1-28 

PSMT = Physical Self Maintenance Tool 

lADL = Instrumental Activities of Daily Living 

Tineni = Tinetti Balance and Gait Evaluation 
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of ADLs. Guttman scoring is used in the PSMT to score activities necessary to sustain 

independent living: battling, dressing, toileting, physical ambulation, grooming, and 

feeding (Lawton & Brody. 1969). Guttman scaling criteria were met in smdies by Lawton 

and Brody (1969). There was a representative range of item difficulty without extreme 

splits, the percentage of error for each item was considerably less than for percentage of 

non-error, and the reproducibility coefficient was high at 0.96. Paired independent rating 

results (nurses) were r = 0.87 fLawton & Brody, 1969). Possible scores ranged from 0 to 

24. 

The Instrumental Activities of Daily Living (L\DLs; Lawton & Brody, 1969) is 

also a self-rated measure of physical status. The scale scores ability in: taking 

medications, cooking, cleaning, laundry, telephoning, transportation use. shopping, and 

handling finances. lADLs independent ratings by a social worker with another person 

present and scoring but not participating in the interview resulted in r = 0.85 between the 

lADL scores. Correlation at the 0.01 level with three other measures (Physical 

Classification. Mental Status Questioimaire, and Behavior and Adjustment rating scales) 

show criterion-related validity (cited in Lawton and Brody. 1969). Possible scores ranged 

from 0 to 24. 

The Tinetti Balance and Gait Evaluation (Tinetti. 1986), a researcher-rated 

measure of physical function, is easy to use, requires no equipment and helps to identify 

and quantify gait and balance disorders. Interrater reliability was 0.9 (Tinetti, 1986). 
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Balance scores of less than 10 and gait scores of less than 9 have been found to be 

independent predictors of recurrent fails (p < .001 and p < .05. respectively; Tinetti, 

1986). Possible composite gait and balance scores ranged from 0 to 28. 

Cognitive functional status was operationaiized using the California Verbal 

Learning Test (CVLT; Delis et al., 1987), a measure with 19 indices (Table 1) reflective 

of 5 measures of cognition (learning strategy, serial position effect, acquisition rate, 

learning interference, and discriminability). The CVLT is an individually administered 

assessment of multiple strategies, processes, and errors involved in everyday memory 

tasks. The test involves orally presenting a list (List A) of 16 words over five immediate-

recall trials. The list contains 4 words in each of four categories. The words are presented 

so adjacent words are from different categories. After the five trials, a second 

"interference" list (List B) is presented for one immediate-recall trial. Free and category-

cued "short delay" recall of List A is then assessed. After a 20 minute "long delay" (of 

anthropometric measures in this smdy) free recall, cued recall and List A recognition are 

tested. Administration and scoring software automatically calculated the 19 scores 

summarized in Table 3. Raw scores were used in tiiis smdy as the CVLT gives standard 

score equivalents only through age 80. The CVTLT and Wechsler Memory Scale (WMS; 

Wechsler, 1945) criterion-related validity tests showed 64% of the correlations 

beuveen raw scores and WMS scores were significant (p < .05; Delis et al., 1987). 

Possible scores ranged from 0 to the high for the particular index of the CVLT. 



Table 3. 

California Verbal Learning Test Results 

Baseline 

CVl.Tlndice M SD Range 

l.ist A Total Recall 37.3 13.7 5-66 

Semantic Clustering 1.8 0.8 0-3.8 

Serial Clustering 2.1 1.7 0-7.3 

Consistency of item Recall 68.1 16.4 14.2-100 

% Prinmcy Recall 26.2 10.1 0-51.7 

% Recency Recall 32.1 14.5 8.6-100 

Slope 0.9 0.5 - . 1  t o  2 , 5  

l ist B Recall 4.9 2.3 0-12 

List B vs. List A Trial 1 - .5 2.1 -6 to 5 

Short-Delay Free Recall 6.3 3.9 0-14 

3 months () luonths 

M SD Range M SD Range 

36.9 14.1 2-60 3«).7 15.3 1-77 

1.8 0.9 0-3.8 2.0 1.0 0-4.2 

2.0 l.() 0-7.9 2.0 1.8 0-9.0 

69.5 20.2 0-97.2 74.0 15.9 12.5-100 

26.1 10.5 0-63,6 26.6 10.6 0-64.2 

32.4 13.5 11.4-100 32.6 14.6 4.3-100 

0.7 0.6 -.7 to 2.5 0.7 0.5 - .4 to 2.0 

4.2 2.2 0-12 4.4 2.1 0-11 

-1.2 2.3 -7 to 5 -1.9 2.5 -9 to 3 

7.3 3.8 0-16 7.4 4.1 0-16 

Uthltf «.:pntimivs 



Table 3. (coiU.) 

Baseline 3 months 6 months 

C'VLT Imlicc M SD Range M SD Range M SD Range 

Sliorl-Dclay vs. Trial 5 -2.7 2.1 -9 to 1 -1.2 2.5 -8 to 11 -1.5 2.0 -7 to 4 

Shon-Delay Cued Recall 8.3 3.6 0-16 8.7 3.5 1-16 9,1 3.6 1 16 

Long-Delay I'lee Recall 7,2 4.1 0-16 7.6 4.0 0-16 7.9 4.4 0-16 

Long-Delay C.'ued Recall 8.3 3.7 0-16 8.7 3.5 1 - 1 5  9.1 3.8 1-16 

PerserN'ations 3.3 3.6 0-23 2.9 3.4 0-18 2.7 3.1 0-19 

Recognition Mils 13.6 3.1 0-16 14.1 2.2 4-16 14.4 2.0 6-16 

False Positives 3.1 3.3 0-14 3.8 4.1 0-22 3.8 4.1 0-21 

Free Recall intrusions 1.8 2.1 0-8 2.3 3.0 0-15 3.0 4.8 0-37 

Cued Recall Intrusions 2.2 2.5 0-15 2.4 3.2 0-23 2.7 3.0 0-17 
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Affective functional status was operationalized using the Geriatric Depression 

Scale fGDS; Yesavage et al.. 1983). It is recommended as the most widely used and 

sensitive self-report scale for depression in the elderly (Pachana. Gallagher-Thompson. 

& Thompson. 1994). In previous studies, test-retest reliability (one week) was r = 0.85. 

p <0.001. Validation has been provided by the classification of subjects as normal. 

mildly depressed, or severely depressed on the basis of Research Diagnostic Criteria for 

major affective disorder (significant at p < 0.001; Yesavage et al.. 1983). Possible scores 

ranged from 0 to 30 and results are summarized in Table 4. 

Eight indicators measitfed nutritional status (Table 5). Four of these were 

biochemical indicators: albumin (visceral protein), total cholesterol (cholesterol), 

hemoglobin (anemia) and percent lymphocytes and white blood cell count used to 

calculate total lymphocyte count (immune competence) using a pre\aously published 

method (Grant, 1992). Patient preparation directives (Lewis, McGovem. & Ambrose. 

1993) for each test minimized biochemical variation error. 

Study participants went to designated locations for blood draws by laboratory 

technicians hired by a laboratory accredited by the College of American Pathologists. 

Laboratory persormel were certified by the American Society of Clinical Pathologists 

and federal government guidelines of the Clinical Laboratory Improvement Act of 1988 

were followed by the laboratory. Quality control, calibration, and proficiency testing 

were routine. The test equipment included the Ektachem 750 (albumin and cholesterol) 

and Coulter Stak 5 (hemoglobin, percent lymphocytes, and white blood cell count). 
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Table 4. 

Measures of Affective Function at Baseline. 3 Months, and 6 Months 

Total Group 

Variable Baseline 3 months 6 months 

M SO Range M SD Range M SD Range 

GDS 6.3 4.6 0-24 5.9 4.3 0-19 5.9 4.7 0-23 

£ 82.4 Age Groxqj 

\'ariable Baseline 3 months 6 months 

M SD Range M SD Range M SD Range 

GDS 5.3 4.6 0-24 5.4 4.5 0-19 5.6 4.7 0-21 

> 82.4 Age Group 

Variable Baseline 3 months 6 months 

M SD Range M SD Range M SD Range 

GDS 7.5 4.3 0-16 6.6 4.1 1-18 6.3 4.8 0-23 

GDS = Geriatric Depression Scale 
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Table 5. 

Nutritional Status Indicators hv Age Group and Gender 

< 82.4 years 

Variable Women Men 

M SD Range M SD Range 

Albumin. g/L' 36.5 2.5 29.0-43.0 36.7 2.7 30.0-41.0 

Total Cholesterol. mmol/L* 5.85 1.00 3.70-8.20 5.01 0.68 3.80-6.47 

Hemoglobin. g/L^ 141.3 12.0 117-162 147.4 17.0 108-172 

TLC/mm cu 1780 508 832-3071 1680 475 705-2664 

Somatic Protein 0.2 0.9 -2.1 to 3.0 0.1 0.7 - .7 to 2.0 

Fat Reserves 0.1 0.9 -1.3 to 1.7 0.5 0.9 -1.1 to 1.9 

Physical Malnutrition 2.9 1.8 0-8 5.9 2.8 I - I I  

MNA 26.7 2.4 20.0-30.0 27.2 2.0 21.5-30.0 

TLC = Total Lymphocyte Count 

\INA = Mini Nutritional Assessment 

table continues 
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Table 5. (cont.) 

>82.4 years 

Variable Women Mep 

.M SD Range M SD Range 

.AJbmnin. g/L' 35.6 •> 7 29.0-41.0 35.2 2.5 31.0-39.0 

Total Cholesterol. mmol/L" 5.21 1.06 2.72-7.63 4.97 1.19 2.66-6.54 

Hemoglobin. g/L* 138.1 13.0 112-166 142.1 18.0 110-179 

TLC/mm cu 1777 577 679-3306 1623 523 1232-3403 

Somatic Protein . 2 0.9 -2.7 to 2.2 - -J 0.6 -1.4 to 1.0 

Fat Reserves - .J 0.8 -1.3 to 1.9 0.1 l . l  -1.3 to 1.9 

Physical Malnutrition  ̂ "T J . /  2.6 1-14 2.9 2.2 0-8 

MNA 25.3 2.9 18.5-30.0 25.3 2.6 21.5-30.0 

TLC = Total Lymphocyte Coimt 

MNA = Mini Nutritional Assessment 

'To convert g/L albumin to g/dL. divide g/L by 10. To convert g'dL albimiin to g/L. 
multiply by 10. 

"To convert mmol/L cholesterol to mg/dL, multiply mmol/L by 38.9. To convert mg/dL 
cholesterol to mmol/L. multiply mg/dL by 0.026. Cholesterol of 5.00 mmol/L = 193 
mg/dL. 

To convert g/L hemoglobin to g/dL. divide by 10. To convert g/ dL albumin to g/L, 
multiply by 10. 
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The somatic protein indicator was a factored score of gender-specific mid arm 

muscle area percentile (MAMA%) based upon age [calculated from recumbent mid arm 

circumference (MAC) and triceps skinfold (TSF)], usual body weight (UBW%), and ideal 

body weight (IBW%) using previously published methods (Grant, 1992). MAMA% was 

computed using Dietitian's Assistant Version 1.5 software (Compu-Cal Inc., Olympia. 

WA). The somatic protein indicator score was the result of factor analysis conducted on 

this sample. MAMA, UBW, and IBW percentiles weighting each variable for each 

subject were used. Principle axis factor weights for MAMA%. UBW%, and IBW% were 

0.52. 0.32. and 0.82, respectively. Somatic protein measures are inexpensive and 

practical. Usefulness of somatic protein measures is strengthened by comparison of 

amount and ratio or percentage of change over time (Heymsfield, 1988). 

A trained single observer carried out all anthropometry. A cahbrated Lange 

skinfold caliper (Beta Technology Inc.. Santa Cruz, CA) and Pelouze scale (Pelouze 

Scale Co., Bridgeview. EL) were used for this smdy. Percentage usual body and ideal body 

weight were computed with a calculator. Calculation of ideal body weight, using wrist 

circumference to determine frame size (Grant, 1992). utilized the 1983 Metropolitan 

height and weight tables (Metropolitan Life Insurance Co.. 1983). Circumferences were 

determined with a flexible, nonstretchable measuring tape using a previously published 

method (Grant, 1992). Chumlea's method (1987) was used to obtain height and weight 

measurements. 
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The fat reserves indicator was a factor score that included recumbent triceps and 

subscapular skinfold measures obtained using a previously published method (Chumlea et 

al.. 1987). Age and gender-specific percentiles were computed from triceps and 

subscapular skinfolds using Dietitians Assistant Version 1.5 software (Compu-Cal Inc.. 

Olympia, WA). Factor analysis was then used to weight triceps and subscapular skinfold 

percentiles and arrive at the fat reserv es indicator for each subject. Triceps and 

subscapular skinfold percentile principle axis factored weights were each 0.87. Triceps 

and subscapular skinfold thicknesses are convenient, useful estimates of extremity and 

truncal body fat respectively. There is a high correlation of each with estimates of percent 

of total body fat in elderly ambulatory individuals (Roche et al., 1981). Similar 

relationships among recumbent skimbld thicknesses and estimates of body famess in non

ambulatory elderly persons can reasonably be assumed (Chumlea et al.. 1985). 

The physical malnutrition indicator (Appendix E), obtained by examining each 

subject for specific signs (angular stomatitis, corneal arcus, cheilosis, ecchymosis, edema, 

fat and muscle wasting, glossitis, koilonychia. pale nails, easily pluckable hair, pressure 

sores, xanthomas) of potential nutritional significance, was the result of the grading and 

scoring of each observed sign. Signs of potential nutritional significance frequently seen 

in the older population were chosen for the physical malnutrition indicator based on the 

experience of the researcher. Clinical signs of nutritional depletion are evidenced late in 

the trajectory of being actively malnourished. Biochemical confirmation of nutritional 

deficiency (McLaren, 1992; .Alpers et al., 1995; McDonald, 1994; Nagel, 1993) is often 
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found in the presence of lesions. Micronutrient status assessment tests that are available 

are often too costly to be routinely run so clinical examination remains of great 

importance (McLaren. 1992). The obser\'ation verification utilized was McLaren (1992). 

One observer with training and experience in identifying potential signs of nutrient 

deficiency observed all of the subjects at all three observation periods. Possible scores 

ranged from 0 to 36. 

The Mini Nutritional Assessment (MNA; Guigoz et al., 1994), the last nutritional 

status indicator, is a multidimensional scale. It is comprised of anthropometric measures 

(mid arm and maximal calf circumferences and height and weight to calculate body mass 

index) and estimated weight loss in past 3 months; general factors (lifestyle, medication, 

psychological, mobility and skin condition); dietary factors (number of meals, food and 

fluid intake, autonomy of eating); and subjective (self-perception of health and nutritional 

status) assessments. MNA cross-validation indicated 70-75% sensitivity in classification 

of subjects as being well-nourished or malnourished without biochemical tests (the 

remaining 25-30% were classified at risk of malnutrition; Guigoz et al., 1994). 

Eighty-eight to 98% of subjects, were identically classified using clinical status (gold 

standard) nutrition assessment versus MNA without biochemical indices and MNA with 

biochemical indices, respectively (Guigoz et al., 1994). A trained single observer 

administered the MNA to minimize obser\'er error. A calibrated scale and measuring 

de\ices were used to minimize instrument error. The published scoring system was used 
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in scoring the MNA. Possible scores range from 0 to 30. Baseline nutrition parameters are 

suntunarized in Table 6. 

In addition to biochemical tests measured at baseline (cholesterol, albumiiu and 

complete blood count with differential), subjects completed self report questionnaires 

prior to their baseline. 3 month, and 6 month appointments. The self report instruments 

included descriptive questions (Appendix F). the PSMT (ADL self rating), the lADL (self 

rating), the MNA (self reporting plus anthropometric measinres obtained at appointments) 

and the GDS. Anthropometric measures were obtained and the CVLT was administered 

at appointments at baseline. 3 months, and 6 months. Anthropometric measures included 

height, weight, MAC, TSF, subscapular skinfold (SSF), wrist circumference, and 

maximal calf circumference (CC). Observational measures included the physical 

malnutrition examination and the Tinetti Balance and Gait Evaluation. 

The somatic protein and fat reserves indicators utilized factor analysis using SPSS 

Professional Statistics 6.1 software (Norusis. 1994) to weight variables being analyzed. 

Other indicators utilized raw data. 

For the first hypothesis, dependent t-tests with tailed standards were used to test 

for physical, cognitive, and affective decline, respectively, with probability set at .05. 

Decline was predicted from baseline to 3 months and baseline to 6 months (not between 3 

and 6 months). Where change was significant, the direction of the change was studied to 

determine where there was decline. The total group, those aged less than or equal to 
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Table 6. 

Baseline Nutrition Parameters hv Age Group and Gender 

Variable 
X S 

Women 
2.4 years 

Men 

M SD Range M SD Range 

MAC. cm 31.6 3.9 22.8-41.3 31.7 2.7 27.3-38.0 

iVLAMA. cm sq. 50.9 12.0 25.9-86.0 62.3 11.1 41.6-96.2 

MAMA " o 84.7 16.7 14-96.0 81.8 17.3 26-96.0 

UBW% 101.8 3.5 93.5-115.0 103.3 5.7 93-118.0 

[BW % 109.0 16.1 o-165.0 108.7 11.6 99-143.0 

TSF. mm 20.5 6.7 5.3-35.7 12.0 5.3 4.0-24.3 

TSF % 36.2 26.2 4.0-90.0 50.3 26.4 4.0-96.0 

Subscapular SF. mm 22.5 12.2 5.7-53.3 20.4 8.4 9.3-33.7 

Subscapular SF % 51.9 29.0 4.0-96.0 63.6 27.6 20.0-96.0 

CC. cm 37.4 4.0 29.8-54.5 37.9 2.3 34-43.2 

TLC/mm cu 1780 508 832-3071 1680 475 705-2664 

Albumin g.'L' 36.5 2.5 20.0-43.0 36.7 2.7 30.0-41.0 

Total Cholesterol. mmol/L* 5.85 1.00 3.70-8.20 5.01 0.68 3.8-6.47 

Hemoglobin. g/L' 141.3 12.0 117-162 147 17.0 108-172 

Physical Malnutrition 2.9 1.8 0-8 5.9 2.8 1-11 

MNA 26.7 2.5 20.0-30.0 27.2 2.0 21.5-30.0 
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Table 6.(cont.) 

Variable 
> 82.4 years 

Women Men 

M SD Range M SD Range 

MAC. cm 30.7 4.1 21.6-44.0 30.8 2.8 26.3-35.0 

MAMA, cm sq 51.2 12.1 29.0-95.6 59.4 8.8 45.5-72.2 

MAiMA % 84.1 16.8 26.0-96.0 77.6 19.2 41.0-96.0 

UBW% 100.9 7.1 71-114.0 98.3 5.3 86.5-105.0 

IBW % 103.0 14.0 69-151.0 102.8 10.8 83.5-129.0 

TSF. mm 17.5 7.0 8.0-40.0 11.3 6.6 4.7-24.3 

TSF % 25.1 23.9 4.0-96.0 42.7 34.5 6.0-96.0 

Subscapular SF. mm 18.3 9.3 3.3-44.7 16.1 8.4 5.7-32.0 

Subscapular SF % 42.8 26.4 4.0-96.0 47.8 32.3 4.0-96.0 

CC. cm 35.6 3.8 26.8-44.2 36.5 3.2 32.0-46.0 

TLC/mm cu 1777 577 679-3306 1623 523 1232-3403 

Albumin. g/L' 35.6 2.7 29.0-41.0 35.2 2.5 31.0-39.0 

Total Cholesterol. mmol/L' 5.21 1.06 2.72-7.63 4.97 1.19 2.66-6.54 

Hemoglobin. g/L^ 138 13.0 112-166 142 18.0 110-179 

Physical Malnutrition 3.7 2.6 1-14 2.9 2.2 0-8 

MNA 25.3 2.9 18.5-30.0 25.3 2.6 21.5-30.0 

table continues 
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Table 6 (cont). 

MAC = Mid Arm Circumference; 
MAMA = Mid Arm Muscle Area; 
VIAMA % = Mid Arm Muscle Area Percentile; 
UBW % = Usual Body Weight Percentile; 
IBW % = Ideal Body Weight Percentile; 
TSF = Triceps Skinfold; 
TSF % = Triceps Skinfold Percentile; 
Subscapular SF = Subscapular Skinfold; 
Subscapular SF % = Subscapular Skinfold Percentile; 
CC = Calf Circumference; 
TLC = Total Lymphocyte Count; 
MNA = Mini Nutritional Assessment 

To convert g/L albimiin to g/dL. divide g'L by 10. To convert g/dL albumin to g/L. 
multiply by 10. 
- To convert mmol/L cholesterol to mg/dL. multiply mmol/L by 38.9. To convert mg/dL 
cholesterol to mmol/L, multiply mg/dL by 0.026. Cholesterol of 5.00 mmol/L = 193 
mg'dL. 
'To convert g/L hemoglobin to g/dL. divide by 10. To convert g/dL albumin to g/L. 
multiply by 10. 



82.4 years ( mean age of the sample), and those more than 82.4 years were tested for 

decline to address the first hypothesis, in which physical, cognitive, and affective decline 

at 3 months and 6 months for the total group and within age groups was predicted. 

Making the age cut at the mean sample age (82.4 years) allowed enough power to test 

each group. 

Logistic regression was used to test the second hypothesis. Here decline in 

physical, cognitive, and affective fimction was expected to be related to nutritional status 

for the total group and within age groups. Significantly declined measures of physical, 

cognitive, and affective fimction were logistically regressed against nutrition status 

indicators to identify those predictive of decline in each age group and for the total group. 

For this exploratory research, logistic regressions with sensitivity of more than 40%. 

specificity of more than 50%. and significance of 0.10 or less were retained. 

Results 

First Manuscript 

Where significant physical decline was determined, the ability of nutritional status 

indicators to predict that decline within the total group and among age groups was 

examined. For the total group no physical function decline was found at either 3 months 

or 6 months. Logistic regression revealed physical fimction decline in the Tinetti Balance 

and Gait Evaluation was predicted (Table 7) at three months for subjects aged 75 to 82.4 

years by high total lymphocyte counts. Low fat reserves and low total lymphocyte counts 



Table 7. 

Predictiveness of Nutritional Status for Physical Function Measures That 
Significantly Declined 

72 Subjects Ages <=82.4: prediction at 3 months 

Physical Sensitivity Specificity Significance Odds Significant 

Dependent Ratio Independent 

Variables Variables 

Tinetti 75.00% 54.55% .09 1.00 High Total 

Lymphocyte Count 

60 Subjects Ages >82.4; prediction at 6 months 

Physical Sensitivity Specificity Significance Odds Significant 

Dependent Ratio Independent 

Variables Variables 

Tinetti 45.00% 82.86% .01 

.10 

0.42 Low Fat Reserves 

1.00 Low Total 

Lymphocyte Count 

N'o Activities of Daily Living (ADLs) or Instrumental Activities of Daily Living 

(lADLs) measures significantly declined 

Tinetti = Tinetti Balance and Gait Evaluation 
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were predictive of decline in the Tinetti Balance and Gait Evaluation in subjects aged 

more than 82.4 years at six months. 

Second Manuscript 

Where significant cognitive decline was determined, the predictive ability of 

nutritional status indicators within the total group and among age groups was examined. 

L'sing logistic regression, cognitive decline as measured by List B vs. List A Trial 1 

(learning interference) was predicted (Table 8) by low fat reserves in the total group at 3 

months. For subjects aged 75 to 82.4 years at six months, cognitive function decline as 

measured by List B Recall: 1 Trial (learning interference) and by Free Recall Intrusions 

(response discrimination) was predicted by low fat reserves and by low albumin. low 

cholesterol, and low MN.A. scores, respectively. For subjects more than 82.4 years, 

cognitive fimciion decline at 3 months as measured by List B vs. List A Trial I and by 

List B Recall: Trial 1 (learning interierence) was predicted by high fat reserves and by 

high cholesterol and high fat reserves respectively. 

Affect 

No significant decline in affect was found. A significant improvement (p <.05) 

was found in the older age group at 6 months, however, it was not associated with the 

indicators of nutritional status measured. 
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Table 8. 

Predictiveness ofNutritional Status For Cognitive Funcrion Measures That 
Significantly Declined 

Total group; prediction at 3 months 

Cognitive 

Dependent 

Variables 

Sensitivity Specificity Significance Odds Significant 

Ratio Independent 

Variables 

Increase in Learning Interference: 

List B vs. List A Trial 1 60.0% 55.93% .07 0.69 Low Fat 

Reserves 

77 2 Subjects Ages <=82.4: prediction at 6 months 

Cognitive 

Dependent 

Variables 

Sensitivity Specificity Significance Odds Significant 

Ratio Independent 

Variables 

Increase in Learning Interference: 

List B Recall 41.38% 82.05% .04 0.55 Low Fat 

Reserves 

table continues 
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Table 8. (cont.) 

12 Subjects Ages <=82.4; prediction at 6 months 

Cognitive 

Dependent 

Variables 

Sensitivity Specificity Significance Odds Significant 

Ratio Independent 

Variables 

Decrease in Discriminatory Response: 

Free Recall Intrusions 86.11% 71.88% .01 

.10 

.10 

0.05 Low 

.Albumin 

0.99 Low 

Cholesterol 

0.82 Low MNA 

60 Subjects Ages >82.4: prediction at 3 months 

Cognitive 

Dependent 

Variables 

Sensitivity Specificity Significance Odds Significant 

Ratio Independent 

Variables 

Increase in Learning Interference: 

List B vs. List A Trial 1 56.00% 61.29% 

List B Recall: 1 Trial 47.83% 81.82% 

.04 

.05 

.05 

2.06 High Fat 

Reserves 

2.17 High Fat 

Reserves 

1.02 High 

Cholesterol 
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Conclusions 

Physical decline was significant in the aging adult and was associated with low fat 

reserves and low and high total lymphocyte counts. Cognitive decline in this aging adult 

sample was significant and related to high or low fat reserves, high or low cholesterol, 

low albumin, and low MNA scores. No significant decline in affective fraction was 

found in this study. 

Future Direction 

Additional research is needed to further the development of a PNI(s) predictive of 

functional decline. Work to see if affect or affective decline is found to be a mediator 

(Lindley & Walker. 1993) in the predictive measures of cognitive and physical fimction 

decline over 1 to 3 years is recormnended. Longer term smdies would give larger effect 

sizes and therefore be more sensitive to discovery of additional predictors. Nutrition 

intervention outcome studies are also needed to determine the effectiveness of nutrition 

interventions in the prevention of predicted areas of physical and cognitive decline. 

Limitations 

Limitations of this smdy include the use of self reported ADLs and L\DLs and the 

issue of acmal vs. perceived performance. Subjects perceived and rated their performance 

high if they could still accomplish the activity. Difficulty or amount of time required in 

penbrming a fimction it did not seem to affect their scoring of their performance rating. 

This overestimation of performance may have resulted in no sigjiificant decline being 
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detected in ADLs or lADLs in 3 or 6 months. Additional objective measures of physical 

function, such as a 50' walk time, would be suggested for inclusion in future studies. 

Another limitation or unexpected result of this study was memorization of many 

words on the CVLT List A by many of the more than 82.4 aged subjects at six months. 

This could have been eliminated by using an alternate form of List A at 3 months. The 

American Psychological Association was contacted for an alternate form of List A prior 

to the study as one is referred to in the CVLT Manual (Delis et al.. 1987) but an alternate 

form was not available. 
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Abstract 

Background: Physical flmction typically declines prematurely in the nutritionally 

compromised older adult. Even among the oldest old, the detection and treatment of 

undernutrition can prolong healthy lifespan (Fishman. 1996). 

Objectives: The purpose of this longimdinal smdy was to identify a constellation of 

nutrition parameters that predict physical flmction decline and to examine differences in 

predictive power in the total group versus those <82.4 years (median age) and those >82.4 

years. 

-Method: Adults (n = 126) aged 75-96 who lived in a variety of settings and met the smdy 

criteria participated in 3 face-to-face interviews at baseline, 3 months, and 6 months. 

Biochemical measures, anthropomorphic measures, and clinical assessments constimted 

the independent variables. Physical function was measured by the Physical Self 

Maintenance Tool, the Instrumental Activities of Daily Living scale, and the Tinetti 

Balance and Gait Evaluation to assess decline. Where decline was significant (p = .05), 

nutritional parameters were used to predict (p = .10) physical decline in this exploratory 

research. 

Results: Logistic regression revealed physical flmction decline in the Tinetti Balance and 

Gait Evaluation at 3 months which was predicted (p = .09) by high total lymphocyte 

counts in subjects aged 75 to 82.4 years. Decline in the Tinetti Balance and Gait 

Evaluation at six months was predicted in subjects aged more than 82.4 years by low fat 

reserves (p = .02) and low total lymphocyte counts (p = .10). 
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Conclusions: Low fat reserves and low or high total lymphocyte counts predicted physical 

ftmction decline in an older adult population. Longer term studies are needed with greater 

effect sizes. Outcomes research is needed to determine if nutritional interventions will 

slow physical decline. 

Keywords: physical decline, mahiutrition. dependence 
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Nutritional Parameters Predictive of Physical Decline in the Older Adult 

Physical function, the ability to perform Activities of Daily Living (ADLs) and 

Instrumental Activities of Daily Living (lADLs) and balance and gait, is affected by 

nutritional status. This relationship is particularly important for the elderly because. 

among nutritionally compromised older adults, physical fimction typically declines 

prematurely (Rowe & Kahn, 1998). For older adults, decrease in physical function 

coupled with decreased energy levels associated with poor nutritional status results in 

increased risk for dependence. As physical decline progresses, physical disability 

requires increased caregiving on the part of the spouse, other family members, friends, or 

health care facility staff members. 

Even among the oldest old, the detection and treatment of undernutrition can 

prolong healthy lifespan (Fishman, 1996). This suggests that preventing some premature 

ftinctional status decline through nutritional intervention is possible. The relationship 

between functional decline and nutritional status, however, is complex because both 

occur on separate, but related trajectories and the relationship between them is lagged 

(i.e.. decline in one is related to decline in the other but at a later date). Often, by the time 

fj-ank malnutrition is evidenced, some degree of physical decline has already occurred. 

This complex relationship has not been clearly explicated in previous research, nor is it 

clear if the relationship is affected by the age of the elder. This study focused on tracking 

physical function in a sample of older adults and then identifying specific nutrition 

parameters predictive of physical decline from baseline to 3 and 6 months. 
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Literature Review 

Many older adults are malnourished. As compared to younger people, individuals 

over the age of 70 consume one third less calories and forty percent of subjects over the 

age of 70 are significantly underweight (Lipschitz. 1991). One study showed both 

independently living and institutionalized elderly have energy intakes below the 

Recommended Dietary Allowance (RDA). For example, in the independent living 

population one third of the subject's energy intakes were below the RDA; minerals and 

vitamins were below the RDA in up to 50%, with blood levels being subnormal in 10-

30% (Abbasi & Rudman. 1994). Thirty to 50% of the institutionalized group had 

substandard body weight, mid-arm muscle circumference, and serum albumin levels 

indicative of protein-calorie malnutrition (Abbasi & Rudman. 1994). Blood values were 

found to be low in both water-soluble and fat-soluble vitamins (Abbasi & Rudman. 

1994). Similarly, intervention subjects in a smdy of healthy elderly people who received 

an ordinary vitamin-mineral supplement or a placebo for one year had approximately half 

as many infections and improved levels of T cells in the supplemented group (Chandra. 

1992). This suggests some older adults have diets deficient in one or more nutrients or 

that nutrient requirements are higher in some older adults. 

Malnutrition in older persons is associated with the development of fiailty and 

functional stams decline. Approximately 16% of the U.S. population 65 years and over 

ingest fewer than 1,000 calories per day which is incompatible with maintaining 

nutritional stams (Morley & Miller, 1992). Achieving adequate energy and protein intakes 
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becomes a very important challenge with advancing age. At very low levels of intake 

resting metabolism and voluntary physical activity decrease. Maintaining mobility is the 

key to preventing unnecessary nursing home placement (Blocker, 1992). A loss of 

functional mobility has been associated with a 50% mortality rate within 6 to 12 months 

among nursing home patients ( Kemper & Christopher, 1991). Decline in functional status 

in the 75 and over adult (high risk) population can be expected within 6 months as an 

adverse effect of unrecognized, untreated, or untreatable nutritional status decline. 

Functional level has been found to be a significant predictor of death (Abbasi & 

Rudman. 1994). Nutritional deficiencies are a conmion underlying cause of adverse 

clinical outcomes. To compound the simation. the threshold at which the risk of death 

increases occurs within the conventional "normal range" for albumin (less than 4 g/dl). 

cholesterol (less than 160 mg/dl), and hematocrit (less than 41%) and subnormal findings 

are often ignored (Rudman. Mattson. Nagraj, Caindec. Rudman, & Jackson. 1987; 

Goodwin. Goodwin. & Garry, 1983). Plasma level of nutrients often used to determine 

nutrient status can be a poor measure of tissue levels of the nutrient (Prasad. Fitzgerald. 

Hess. Kaplan. Pelen, & Dardeime. 1993). Most immunologic tests are not specific for 

nutritional deficiencies (Chandra, 1991). 

Older adults are a heterogeneous group with variations in nutrient requirements 

that are genetic and environmental (Young & Scrimshaw, 1979). Protein requirements are 

now thought to be greater for the older adult (Campbell, Crin, Dallal, Young, & Evans, 

1994). Protein requirements increase even more with injury or stress factors. Recent 



research suggests current Recommended Dietary Allowances (RDAs; Food and Nutrition 

Board. 1989) for calcium, vitamin D, vitamin folic acid, and vitamin B,, are higher 

for the older adult than for middle aged adults in the face of decreasing energy needs 

(Russell, 1997). The RDAs are presently based upon preventing deficiency disease rather 

than optimizing health and preventing chronic disease. Currently the RDAs are being 

replaced by Dietary Reference Intakes (RDIs; Yates. 1998) which include tolerable upper 

intake levels and separate recommendations for ages 51 through 70 and over 70 (Rowe & 

FCahn, 1998). However, the process is not expected to be complete until 2000 or 2001 as 

seven panels will be named to develop scientific bases for ail the references. 

New research on the impact of nutrition has revealed many problems that have 

been attributed to aging are really due to suboptimal diets and nutrient intakes. Physical 

decline may be one of these areas. The heterogeneity of older adults continues beyond 

nutrient requirements, however, and physical fimctional ability is very heterogeneous 

within the older adult population. Hardy older old survivors may be physically able 

because they are either healthier than some of their younger old counterparts and/or are 

better nourished. 

Other smdies have looked at the possibility that some of the decline associated 

with aging is preventable, reversible, or associated with vitamin and/or mineral nutriture 

(Rosenberg & Miller. 1992; Chandra. 1992; Bottiglieri. 1996; Fiatarone. Marks. Ryan. 
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Meredith, Lipsitz. & Evans. 1990). This study is unique in that nutritional indicators were 

being studied to determine if a constellation of nutrition parameters is predictive of 

physical fimction decline. 

Framework 

Nutritional parameters are measures of nutritional status (Figure 1). Nutritional 

parameters (independent variables) used in this study were biochemical: visceral protein, 

immune competence, cholesterol, anemia; anthropomorphic: somatic protein and fat 

reserves; and clinical assessments for physical malnutrition and a composite of nutritional 

indicators in the Mini Nutritional Assessment (MNA: Guigoz. Vellas. & Garry, 1994). 

Visceral protein depletion is associated with decline because it reflects protein 

levels in the body. Immune competence is associated with decline because a depressed 

immune system, which is associated with being prone to infection and poor healing, can 

be modified by nutrients. Low cholesterol levels are associated with decline because 

cholesterol is essential for the growth and viability of body cells and the synthesis of 

steroid hormones. Anemia is associated because declines may be caused by protein 

deprivation (Lipschitz, 1994). impaired hemoglobin s^Tithesis (i.e. in iron deficiency) or 

impaired erythrocyte production (i.e. vitamin B,, or folate deficiency; RodwelL 1993). 

Somatic protein is related to decline because loss of muscle mass or muscle wasting 

results from inadequate protein-calorie intakes. Fat reserves are associated with decline 

because low fat reserves are associated with inadequate caloric intakes. Physical signs of 
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malnutrition, commonly seen in rapidly proliferating tissues, are manifestations of late 

stage nutritional deficiencies (Alpers. Stenson. & Bier, 1995). 

The MNA is a composite of anthropometric, general, dietary, and subjective 

indicators. These indicators should be predictive of decline because they each are 

associated with general nutritional status. The additional anthropometric measures help to 

evaluate muscle mass and subcutaneous faL both of which relate to protem-calorie 

nutritional status. General measures help to evaluate lifestyle. medicatioiL and mobility 

which both affect and are affected by nutritional intakes. Dietary measures relate to 

number of meals, food and fluid intake, and autonomy of feeding, the quality and quantit>' 

of which directly affect nutritional status. Subjective questions measure self-perception of 

health and nutrition which affect and are affected by nutritional intake. These nutritional 

parameters were used to predict decline in physical flmction (Figure 1). specifically the 

ability to perform ADLs and L\DLs and gait and balance. Self-care or being fxmctionai 

depends profoundly on physical mobility (Rosenberg & Miller, 1992). The particular 

nutrition parameters were chosen because they are usually available, easily attainable, and 

have the capacity to increase,'decrease with repeated measures over time. 

Purpose 

The first purpose of this smdy was to identify a constellation of nutrition 

parameters that predict physical fimction decline. The longitudinal prospective cohort 

design focused on observational data at baseline. 3 months, and 6 months. The second 

purpose was to examine differences in predictive power in those aged less than or equal 
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to 82.4 years (the median age> versus those aged more than 82.4 years. The following 

hypotheses were tested; 

1. There will be physical decline from baseline at 3 months and 6 months for the 

total group and within age groups: and 

2. Decline will be predicted by nutritional status at 3 months and 6 months for the 

total group and within age groups. 

Methods 

Sample: 

Of the 132 subjects aged 75 and over recruited. 100 subjects were women and 32 

'vere men. They ranged in age from 75 to 96 years. Subjects in this smdy were from 

western Nebraska who lived in their own homes or apartments, in residential or assisted-

living settings, or in nursing homes. They met the following criteria: Mini Mental State 

E.xamination (Folstein. Folstein. & McHugh. 1975) score of 17 or more: independent in 2 

or more activities of daily living; and absence of a catabolic disease (severe chronic 

obstructive pulmonary disease, terminal cancer, or any unplanned significant weight loss 

in past 3 months). Subjects who completed the smdy (n = 126) participated in 3 face-to-

face interviews of approximately 45 to 50 minutes each. Two subjects elected to drop 

from the smdy and 4 subjects died before the 6-month smdy ended. The mental status of 

these subjects, as reflected by their Folstein Mini-Mental State Exam (1975) scores. 

ranged from 19-30. Other descriptive characteristics of the sample are in Table 1. 
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Measures: 

Physical functional status was operationalized using 3 measures. The results of 

those measures are summarized in Table 2. 

1. The Physical Self Maintenance Tool (PSMT: Lawton & Brody, 1969) was a 

self rating of Activities of Daily Living (ADLs). The PSMT uses Guttman scoring of 

activities necessary to sustain independent living: bathing, dressing, toileting, physical 

ambulation, grooming, and feeding (Lawton & Brody. 1969). Guttman scaling criteria 

were met: that there was a representative range of item difficulty without extreme splits, 

the % of error for each item much less than for % of non-error, and the high 

reproducibility coefficient of 0.96 (Lawton & Brody, 1969). For paired independent 

ratings of nurses r = 0.87 (Lawton & Brody, 1969). Possible scores ranged from 0 to 24. 

2. The Instrumental Activities of Daily Living (LVDLs; Lawton & Brody, 1969) 

scale was also self rated. The scale scores ability in: cooking, cleamng, laundry, shopping, 

transportation use, handling finances, telephoning, and taking medications. For 

independent ratings of the LADLs r = 0.85 (Lawton & Brody, 1969). Elatings moderately 

correlated at the 0.01 level with three other measures giving support to their validity 

(Lawton & Brody, 1969). Possible scores ranged from 0 to 24. 

3. The Tinetti Balance and Gait Evaluation (Tinetti. 1986) is a researcher rated 

measure. The Tinetti Evaluation is easy to use. requires no equipment and can identify 

and quantify balance and gait disorders. Interrater reliability is reported to be 0.9 (Tinetti. 

1986). A gait score of less than 9 and a balance score of less than 10 have been found to 
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be independent predictors for recurrent falls fp less than .05 and p less than .001, 

respectively)(Tinetti. 1986). Possible composite balance and gait scores ranged from 0 to 

28. 

Nutritional status was measured by 8 indicators (Table 3) summarized by age and 

gender, as anthropomorphic measures vary by gender. The 8 indicators include: 

1. Biochemical indicators included albumin (visceral protein), total cholesterol 

(cholesterol), hemoglobin (anemia), and percent lymphocytes and white blood cell count 

used to calculate total lymphocyte count (immune competence) using a previously 

published method (GranL 1992). 

2. The somatic protein indicator was a factor score that included; mid arm muscle 

area percentile (MAMA%)[calculated from recumbent mid arm circumference (MAC) 

and triceps sidnfold (TSF)], usual body weight (UBW%). and ideal body weight (IBW%) 

using previously published methods (Grant, 1992). Height and weight measurements 

were obtained using Chumlea's method (1987). The 1983 Metropolitan height and weight 

tables (Metropolitan Life Insurance Co., 1983) were used in calculation of ideal body 

weight using wrist circumference to determine frame size (Grant, 1992). A flexible, 

nonstretchable measuring tape was used to determine reciunbent circumferences using a 

previously published method (Grant, 1992). Gender-specific MAMA% based on age was 

computed using Dietitian's Assistant software (Compu-Cal. 1997). The MAMA, UBW. 

and IBW percentiles were then factor analyzed to weight each variable to arrive at the 

somatic protein indicator for each subject. Principle axis factor weights were 0.52,0.32, 
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and 0.82 for MAMA%. UBW% and IBW% respectively. Somatic protein measures are 

practical and inexpensive. Their usefulness is strengthened by comparison of amount and 

ratio/percent of change over time (Heymsfield, 1988). 

3. The fat reserves indicator was a factor score that included recumbent triceps 

and subscapular skinfold measures obtained using a previously published method 

(Chumlea, Roche. & Mukheijee. 1987). The triceps and subscapular skinfolds were 

computed into gender-specific percentiles using Dietitian's Assistant software 

( Compu-Cal. 1997). The triceps and subscapular skinfold percentiles were then factor 

analyzed to weight each variable to arrive at the fat reserves indicator for each subject. 

Principle axis factor weights for triceps and subscapular skinfolds were 0.87 for each. 

Triceps and subscapular skinfold thicknesses estimate extremity and truncal body. These 

skinfold measures are convenient to measure and are usefiil indices of body fat. Each is 

highly correlated with estimates of percent of total body fat in elderly ambulatory 

individuals (Roche, Sier\'ogel. Chumlea. & Webb, 1981). Chumlea, Roche, and 

Mukheijee (1986) believe it is reasonable to assume similar relationships among 

recumbent skinfold thicknesses and estimates of body fatoess in non-ambulatory elderly 

persons. 

4. The physical malnutrition indicator was obtained by examining each subject for 

specific signs (lesions: angular stomatitis, corneal arcus, cheilosis, ecchymosis, edema, fat 

and muscle wasting, glossitis, koilonychia, pale nails, easily pluckable hair, pressure 

sores, xanthomas) of potential nutritional significance and then grading and scoring each 
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observed sign. These specific signs were chosen because they are signs, in the experience 

of the researcher, that are frequently seen in the older adult population. Clinical signs of 

nutritional depletion are evident at a late stage of being actively malnourished. With the 

presence of lesions, biochemical confirmation of nutritional deficiency (McLaren, 1992; 

Alpers et al., 1995; McDonald, 1994; Nagel. 1993) is often found. Few new tests are yet 

available for micronutrient status assessment and the tests that are available are often too 

costly to be routinely run so clinical examination remains of great importance (McLaren, 

1992). McLaren (1992) was used to verify observations. Possible scores range from 0 to 

36. 

5. The Mini Nutritional Assessment (MNA)(Guigoz et al.. 1994) indicator, is a 

multidimensional scale comprised of anthropometric measures (height and weight to 

calculate body mass index, mid-arm and maximal calf circumferences, and estimated 

weight loss in past 3 months), general factors (lifestyle, medication, psychological, 

mobility and skin condition), dietary factors (number of meals, food and fluid intake, 

autonomy of eating), and subjective (self-perception of health and nutritional status) 

assessments. Cross-validation of the MNA indicated it was sensitive enough to classify 

70-75% of the subjects as being well-nourished or malnourished without biochemical 

tests (with the other 25-30% being classified as at risk of malnutrition )(Guigoz et al., 

1994). When compared with clinical status (gold standard) nutrition assessment. 88 to 

98% of subjects were identically classified (clinical status vs. \rNA without biochemical 
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indices and MNA with biochemical indices respectively)(Giiigoz et al., 1994). The MNA 

(Guigoz et al.. 1994) was scored using the scoring system which accompanies it. Possible 

scores range from 0 to 30. 

Procedure: 

The study was approved by the Human Subjects Cotmnittee at the University of 

Arizona. The research project was promoted by newspaper articles, by presentations at 

retirement commimities and senior centers, and by letters to identify potential subjects. 

Written informed consent was obtained at the time of recruitment. 

Subjects received a packet of self report questions to answer approximately 5-7 

days prior to their appointments except for their baseline appointment in which the self 

report questions were answered the same day or one day prior. The self report instruments 

included a descriptive questiotmaire. the PSMT (ADL questions), the lADL. and the 

VINA (except for anthropometric measures). Except for biochemical measures, which 

were obtained only at baseline by certified laboratory personnel, the same researcher 

administered all tests, took all independent and dependent variable measurements, and 

performed the physical malnutrition examination on each subject at baseline, 3 months, 

and 6 months. The researcher obtained prior training in administering the tests, measures, 

and examination. 

For the first hypothesis the analysis involved dependent tailed t-tests with 

probability set at .05 to test for physical decline fixjm baseline to 3 months and baseline to 

6 months (not between 3 and 6 months). Where there was significant change, the 
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direction of the change was studied to determine which declined. The total group and the 

group divided, by mean age, into those aged less than or equal to 82.4 and more than 82.4 

were tested for decline. The age cut was made at the mean age because the number in 

each group was still large enough to have power to test each group. 

To test hypothesis 2, measures of physical function that had significant decline 

were logistically regressed against the nutrition parameters to identify any that were 

predictive of physical function decline for the total group and then for the groups aged 

less than or equal to 82.4 and more than 82.4. Logistic regressions with sensitivity of 

more than 40% and specificity of more than 50% and were significant at. 10 or less were 

retained for this exploratory research. 

Results 

Hypothesis 1 stated there would be physical decline from baseline in 3 months 

and 6 months for the total group and within age groups (Table 4). The total group (n = 

128) did not significantly decline in ADLs or lADLs but significantly (p < .05) declined 

in balance and gait after 3 months and 6 months. In subjects less than or equal to 82.4 

years (n = 71), there was no significant decline in ADLs or lADLs; a decline in balance 

and gait was significant (p < .05) after 3 months and 6 months. Subjects aged more than 

82.4 (n = 57) did not significantly decline in ADLs or lADLs or in balance and gait at 3 

months but significantly (p < .05) declined in gait and balance at 6 months. 

The hypothesis that physical decline will be predicted by nutritional status was 

rejected in the total group (Table 5). Physical functional stams decline was significant at 
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3 months and 6 months but could not be predicted by nutritional parameters either time. 

This hypothesis was also rejected for the younger group at 6 months and the older group 

at 3 months. However, in the younger group a high total lymphoc>ie count (p = .086) 

predicted balance and gait at 3 months. In addition, balance and gait decline in the older 

group at 6 months was predicted by low fat reserves (p = .015) and low total lymphocyte 

counts (p = .104). 

Discussion 

The subjects in this study were healthy older adults who. on average, were 

overweight and had borderline low albumins. They compared to other studies with 

healthy older adult populations (Frisoni. Franzoni, Rozzini. Ferrucci. Boffelli. & 

Trabucchi. 1994; Abbasi & Rudman. 1994; Garry, Hunt, Koehler. V'anderJagt, &. Vellas. 

1992). For subjects in this smdy. physical function decline was predicted by some 

nutritional parameters. 

ADLs and lADLs did not significantly decline in this healthy population in the 

time period studied. However, more time may be necessary to see decline in these 

parameters or the decline may have been masked by the perception of the subjects. These 

measures were self reported and subjects tended to rate themselves high if they could 

perform the task, without considering the amount of time and effort expended in the 

performance. A 50' walk time incorporated into future studies may help in the objective 

rating of actual performance. 
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Some nutrition parameters predicted decline in the study population in the time 

period studied and some did not. Nutrition parameters do not all decline at the same rate 

nor is decline in each necessarily detected at the same stage. In some, decline may be 

delayed. Nutrition parameters that predicted decline in 3 months or 6 months may be the 

parameters that decline early on in the decline trajectory. They may also be the ones most 

sensitive to measurement. Other nutritional parameters may be manifestations of late 

stage nutritional deficiencies, ie. physical signs of malnutrition. For these reasons the 

parameters that did predict decline may be the most important in detection of early 

decline and in directing the development of interventions to prevent decline. In looking at 

the area of decline detected and the parameters that predicted it we also need to look the 

differences in the age groups and the time at which each was affected. 

The younger age group in this study experienced decline in the Tinetti Balance 

and Gait Evaluation at 3 months with high total lymphocyte counts (TLCs) being 

predictive. High total lymphocyte counts reflect infection and inflammation. Infection is a 

nutritional stress factor that increases caloric as well as other nutrient needs (Fortes. 

Forastiere, Agabiti. Fano, Pacifici, Virgili. Piras, Guidi. Bartoloni. Tricerri, Zuccaro. 

Ebrahim. & Perucci, 1998; Yen. 1994: Prasad et al., 1993). Infections are seen frequently 

in the older adult whose immune system is compromised. The TLC-predicted decline in 

this shon time interval (3 months) may have been infection related and due in part to 

inadequate nutrient reserves or intakes to meet increased needs and maintain immune 

competence. In this sample the TLC mean is below Grant's (1992) norm. 
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The Tinetti Balance and Gait Evaluation declined in 6 months in the older age 

group with predictive nutrition parameters being low fat reserves and low TLCs. These 

predictive nutrition parameters may have been linked to inadequate calorie-nutrient 

intakes over time. Perhaps decreasing caloric and micronutrient intakes lowered fat 

reserves and immune capabilities allowing detection of significant decline by 6 months. 

Low fat reserves and low TLCs are potentially preventable with increased macro and 

micronutrition. Outcomes research is needed to determine the degree to which physical 

decUne can be prevented or treated in older adults with low fat reserves and low TLCs. 

Some nutrition parameters predicted decline in balance and gait in this smdy. This 

suggests that nutritional inter\'entions to prevent premature decline couid be designed and 

incorporated into the plans of care of older adults. Outcomes research in this area is 

recommended. Also, longer term smdies are needed with greater effect sizes. Continued 

research is implicated to help optimize health, prevent premature physical function 

decline, and influence health care policy by focusing on preventive practices that would 

reduce the cost of care and increase the quality of life of a greying America. 
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Table I. 

Descriptive Characteristics of Sample 

Characteristic All subiects 

75-96 years 

.M SD 

Age 82.4 

Weight (kg.) 70.2 13.7 

Height (cm.) 161.5 10.2 

BMI (kg..'m sq.) 26.9 4.9 

Characteristic Women Men 

< 82.4 years >82.4 years < 82.4 years > 82.4 years 

M SD M SD M SD M SD 

Weight (kg.) 68.9 13.3 65.0 12.1 83.5 10.8 75.6 12.1 

Height (cm.) 158.2 6.9 156.7 7.4 176.0 7.1 171.5 8.6 

BMI (kg., m sq.) 27.6 5.3 26.4 4.7 27.1 4.6 25.7 3.8 



Table 2. 

Measures of Physical Function at Baseline. 3 Months, and 6 Months 

96 

Variable Baseline 3 months 6 months 

M SD Range M SD flange M SD Range 

PSMT 22.9 2.0 12-24 23.1 1.8 14-24 23.0 1.7 5-24 

lADL 20.2 5.4 6-24 20.6 5.6 2-24 20.4 5.5 2-24 

Tinetti 23.2 4.8 1-28 22.6 5.5 1-28 21.6 5.8 1-28 

PSMT = Physical Self Maintenance Tool 

lADL = Instrumental Activities of Daily Living 

Tinetti = Tinetti Balance and Gait Evaluation 
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Table 3. 

Nutritional Status Indicators bv Age Group and Gender 

<82.4 years 

Variable Women -Men 

M SD Range M SD Range 

Albumin. g/L' 36.5 2.5 29.0-43.0 36.7 2.7 30.0-41.0 

Total Cholesterol, mmoI/L^ 5.85 1.00 3.70-8.20 5.01 0.68 3.80-6.47 

Hemoglobin, g/L^ 141.3 12.0 117-162 147.4 17.0 108-172 

TLC'mm cu 1780 508 832-3071 1680 475 705-2664 

Somatic Protein 0.2 0.9 -2.1 to 3.0 0.1 0.7 - .7 to 2.0 

Fat Reserves O.I 0.9 -1.3 to 1.7 0.5 0.9 -1.1 to 1.9 

Physical Malnutrition 2.9 1.8 0-8 5.9 2.8 l-l l  

VINA 26.7 2.4 20.0-30.0 27.2 2.0 21.5-30.0 

TLC = Total Lymphocyie Count 

MNA = Mini Nutritional Assessment 

table continues 
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Table 3. (com.) 

> 82.4 vears 
Variable Women Men 

M SD Range M SD Range 

Albumin. g/ L' 35.6 2.7 29.0-41.0 35.2 2.5 31.0-39.0 

Total Cholesterol. mmol/L* 5.21 1.06 2.72-7.63 4.97 1.19 2.66-6.54 

Hemoglobin. g'L^ 138.1 13.0 112-166 142.1 18.0 110-179 

TLC/mm cu 1777 577 679-3306 1623 523 1232-3403 

Somatic Protein . 2 0.9 -2.7 to 2.2 - .J 0.6 -1.4 to l.O 

Fat Reserves - -J 0.8 -1.3 to 1.9 0.1 1.1 -1.3 to 1.9 

Physical Malnutrition 3.7 2.6 1-14 2.9 2.2 0-8 

MNA 25.3 2.9 18.5-30.0 25.3 2.6 21.5-30.0 

TLC = Total Lymphocyte Count 

MNA = Mini Nutritional Assessment 

'To convert g/L albumin to g/dL, divide g/L by 10. To convert g/dL albumin to g/L. 

multiply by 10. 

"To convert nmiol/L cholesterol to mg/dL. multiply mmol/L by 38.9. To convert mg/dL 

cholesterol to mmol/L. multiply mg/dL by 0.026. Cholesterol of 5.00 mmol/L = 193 

mg/dL 

'To convert g/L hemoglobin to g'dL. divide by 10. To convert g/dL albumin to g/L. 

multiply by 10. 
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Table 4. 

Paired Sample t-tests: Physical Function Differences From Baseline to 3 Months and 6 

Months bv Age Group 

All Subjects: 

Variable 3 months 6 months 

M SD t M SD I 

PSMT - .16 1.42 -1.24 - .10 1.32 -0.81 

lADL - . j j  2.56 -1.47 - .07 2.75 -0.29 

Tinetti 0.71 4.05 2.00» 1.75 3.57 5.52* 

Subjects < 82.4 years: 

Variable 3 months 6 months 

M SD t M SD t 

PSMT - .14 1.45 - .82 0.01 1.30 0.09 

lADL - .34 2.49 -1.14 -.21 1.91 - .93 

Tinetti 0.68 2.57 2.22* 1.87 3.39 4.66* 

Subjects > 82.4 years: 

Variable 3 months 6 months 

.M SD t .\I SD t 

PSMT - .17 1.39 - .94 - .24 1.33 -1.32 

lADL - .33 2.69 - .93 0.11 3.57 0.23 

Tinetti 0.76 5.36 1.08 1.60 3.81 3.11* 
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Table 4. 

Paired Sample t-tests: Physical Function Differences From Baseline to 3 Months and 6 

Months bv Age Group (cont.) 

PSMT = Physical Self Maintenance Tool 

lADL = Instnimental Activities of Daily Living 

Tinetti = Tinetti Balance and Gait Evaluation 

Negative mean = improvement; positive mean = decline 

* = significant change (p = .05) 
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Table 5. 

Predictiveness of Nutritional Status for Physical Function Measures That 

Significantly Declined 

72 Subjects Ages <=82.4; prediction at 3 months 

Physical Sensitivity Specificity Significance Odds Significant 

Dependent Ratio Independent 

Variables Variables 

Tinetti 75.00% 54.55% .09 1.00 High Total 

Lymphocyte Count 

60 Subjects Ages >82.4; prediction at 6 months 

Physical Sensitivity Specificity Significance Odds Significant 

Dependent Ratio Independent 

Variables Variables 

Tinetti 45.00% 82.86% .02 

.10 

0.42 Low Fat Reserves 

1.00 Low Total 

Lymphocyte Count 

No Activities of Daily Living (ADLs) or Instrumental Activities of Daily Living (lADLs) 

measures significantly declined 

Tinetti = Tinetti Balance and Gait Evaluation 
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Nutritional Parameters Predict Cognitive Decline 

Objective Determine if cognitive function declines in older adults in 3 months or 6 

months and examine differences in the effectiveness of nutrition parameters in predicting 

these changes in the total group versus those $82.4 years (median age) and those >82.4 

years. 

Design Subjects participated in interviews at baseline. 3 months, and 6 months. 

Biochemical and anthropomorphic measures and clinical assessments constituted the 

nutritional parameters. Cognitive fimction was measured by the California Verbal 

Learning Test (CVLT). 

Subjects/Setting Subjects were 132 older adults aged 75-96 years with no known 

catabolic disease or recent significant weight loss, who had a score of > 17 on the MMSE. 

They lived in their own homes, residential and assisted living apartments, and nursing 

homes. 

Main outcome measures .A^ects of cognitive decline as measured by the CVLT. 

Statistical analyses performed A two-tailed t-test was used to determine decline. 

Logistic regression was used to determine effectiveness of nutritional parameters in 

predicting cognitive decline by time and age group. 

Results Logistic regression revealed significant cognitive fimction decline was predicted 

by low fat reserves in the total group at 3 months: low fat reserves, cholesterol, albumin, 

and MNA scores in subjects aged 75 to 82.4 years at 6 months; and high fat reserves and 

high cholesterol in subjects >82.4 years at 3 months. 
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Applications Nutrition outcomes studies are needed to determine if nutrition 

interventions to preserve normal cholesterol and fat reser\ es and adequate albumin levels 

and to keep Mini Nutritional Assessment scores up can prevent and treat premature 

cognitive decline. 
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Nutritional Parameters Predict Cognitive Decline 

Cognitive ftmction is affected by nutritional status. Premature cognitive decline is 

t\pical among nutritionally compromised older adults making this relationship of 

particular interest (Rowe & Kahn. 1998). For older adults premature decline in cognitive 

ftmction results in increased risk for dependence. As cognitive decline progresses 

increased assistance is first required with instrumental activities of daily living (lADLs) 

such as handling of financial matters and medication taking. Dependence progresses, in 

the severely demented, to the need for assistance with activities of daily living (ADLs) 

such as eating and dressing. Approximately half of the variance in the loss of ability to 

perform ADLs is associated with the magnimde of cognitive impairment (Cohen-

Mansfield. Werner. & Reisberg, 1995). Increasing supervision on the part of family or 

other care givers is required as cognitive impairment progresses. 

Psychological s\Tnptoms of cognitive impairment are often the first symptoms 

associated with micronutrient deficiency (Benton. 1992). Demonstration of this 

relationship, however, is difficult for several reasons. As an example, vitamin B,, 

deficiency may cause characteristic neuro-psychiatric abnormalities including dementia, 

without anemia or macrocytosis. making diagnosis of the deficiency difficult 

(Lindenbaum. Healton. Savage, Brust. Garrett, Podell. Marcell. Stabler. & Allen. 1988). 

Plasma levels of nutrients often used to determine nutrient status do not necessarily 

reflect cell or tissue levels of the nutrient (Prasad. Fitzgerald. Hess. Kaplan, Pelen. & 

Dardeene. 1993: Lindenbaum et al.. 1988). Senun metabolites are often better measures 
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of specific nutrient deficiencies but these tests are less often ordered and more expensive. 

While diagnosis of nutrient deficiencies contributing to premature cognitive decline may 

be difficult, cognitive decline continues to pose a major health problem in the United 

States. 

Severe dementia affects between 1% and 6% of those over 65 years old in the 

L'nited States while another 2% to 15% are affected by mild dementia (Mortimer. 

Schuman. & French, 1981; Council on Scientific Affairs. 1986; Pfeffer. Afifi, & Chance, 

1987; Weiler, 1987). Over the age of 80. the prevalence rises to between 20% and 36% 

(Council on Scientific Affairs. 1986; Pfeffer et al., 1987; Weiler. 1987). Dementias due to 

nutrient deficiencies in the older population are not uncommon and are multicausal. 

Vlany causes of nutritional deficiencies leading to dementia are modifiable. Factors 

contributing to nutritional deficiencies in the older adult include increased requirements 

for \-itamin folic acid, vitamin calcium, vitamin D and protein (Russell, 1997). 

These increased requirements take place in the face of decreasing caloric needs. To 

further complicate the situation, older adults are a heterogeneous group with variations in 

nutnent requirements also being due to genetic and environmental factors (Young & 

Scrimshaw, 1979). Decreased absorptive potential of the gut and £in increased risk for 

stress factors increase macro and micronutrient needs, further contributing to nutritional 

deficiencies. In addition to interventions to improve food intakes, research suggests 

supplementation may be necessary to meet the individual nutrition needs of the older 

adult (Johnson & KJingman. 1992). 
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Studies report that micronutrient supplementation is associated with better 

memory (Loriaux, Deijen. Orlebeke, & De Swart. 1985; Deijen. Van der Beek. Orlebeke. 

& Van den Berg, 1992). Low levels of thiamin are associated with problems of memory 

and attention (Escobar, Aruffo. & Rodriguez-Carbajal. 1983); memory and retrieval of 

information or reaction times (Heseker. Kuebler. Westenhoefer. & Pudel. 1990); and 

retrieval of information or reaction times (Tuttle. Wilson. Daum. & Rhodes. 1949; 

Benton. GrifiBths, & Haller. 1997). Higher concentrations of vitamin Bj have been related 

to better memory performance (Deijen et al.. 1992; Riggs, Spiro HI, Tucker. & Rush. 

1996). In patients with Alzheimer's disease, vitamin B,, was significantly correlated with 

Mini Mental State Examination (MMSE) scores (Levitt & Karlinsky, 1992). Serum 

concentrations of B vitamins usually considered in the range of normal (with low tissue 

concentrations) have been associated with poorer scores on tests requiring retrieval of 

information, abstract reasoning and selective attention (Bohnen. Jolles. & Degenaar. 

1992; Goodwin. Goodwin. & Garry. 1983). 

Rowe and Kahn (1998) relate ±at changes, including nutritional factors, that 

minimize or avert cognitive decline can be undertaken at any age. This suggests 

prevention of some premature cognitive decline is possible through nutritional 

intervention. The relationship between cognitive decline and detection of malnutrition is 

complex, however, because it is lagged and blood levels of nutrients may not be 

indicative of tissue levels (Lindenbaum et al.. 1988). Premature cognitive decline may 

occur before malnutrition can be evidenced in blood levels of vitamins. Previous research 



109 
has not clearly explained this complex trajectory nor is it clear if the trajectory is affected 

by whether the older adult is younger or older. The studies cited above have looked at 

whether some of the cognitive decline associated with aging is associated with vitamin 

and/or mineral nutritive status. Medicine has focused primarily on diagnosis and 

treatment (Bland. 1992) rather than prevention. This study is unique as nutritional 

parameters were studied to determine if a constellation of nutritional indicators are 

predictive of cognitive function decline. Nutritional status was viewed as a 

multidimensional continuum rather than as normal or abnormal and as single indicators. 

The hypotheses tested were: 

1. There will be cognitive decline from baseline at 3 months and 6 months for the 

total group and within age groups. 

2. Cognitive decline will be predicted by nutritional status at 3 months and 6 

months for the total group and within age groups. 

METHODS 

Subjects 

Thirty-two men and 100 women aged 75 to 96 years who lived in a variety of 

settings (own home, apartments, assisted living facilities, and nursing homes) participated 

in this study. All subjects had a score of > 17 on the Mini Mental State Examination 

(Folstein, Folstein. & McHugh, 1975); could perform 2 or more activities of daily living; 

and had no known presence of a catabolic disease (terminal cancer, severe chronic 

obstructive pulmonary disease, or unplanned weight loss ofTAVo or more in past 3 
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months). Two subjects dropped and 4 subjects died before the conclusion of the study. 

The study was approved by the University of Arizona Institutional Review Board for the 

protection of human subjects in research. 

Procedures 

The subjects who completed the smdy (n = 126), participated in 3 face-to-face 

interviews each of which lasted approximately 45-50 minutes, spaced 3 months apart. 

Biochemical measures, obtained only at baseline, were collected by certified laboratory 

persormel and tested in a laboratory accredited by the College of American Pathologists. 

-A. single, trained observer administered the CV'LT and obtained anthropometric measures 

on each subject at baseline, 3 months, and 6 months. Anthropometric measures included 

height, weight, mid arm circumference, triceps skinfold, subscapular skinfold, wrist 

circumference, and calf circumference. All equipment used was calibrated. Observational 

measures included the examination for physical signs of malnutrition. In addition. 

subjects answered self reported questions prior to their baseline. 3 month, and 6 month 

appointments. The self report instruments included descriptive questions and the Mini 

Nutritional Assessment (MNA; Guigoz. Vellas. & Garry, 1994) which was self reporting 

plus anthropometric measures obtained at appointments. 

Cognitive functional status was operationalized using the California Verbal 

Learning Test (CVLT)(Delis, Kramer, Kaplan, & Ober, 1987), a measure with 19 indices 

(Table 1). The CVLT is an individually administered assessment of multiple strategies, 

processes, and errors involved in everyday memory task. The test involves orally 
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presenting a list (List A) of 16 words over five immediate-recall trials.The list contains 4 

words in each of four categories. The words are presented so adjacent words are from 

different categories. After the five trials, a second "interference" list (List B) is presented 

for one immediate-recall trial. Free and category-cued "short delay" recall of List A is 

then assessed. After a 20 minute "long delay" (of anthropometric measures in this smdy) 

free recall, cued recall and List A recognition are tested. Administration and scoring 

software automatically calculated the 19 scores which reflect learning strategy, serial 

position effect, learning rate across trials, consistency of item recall across trials, learning 

interference, and discriminability. Raw scores were used in this study as the CVLT gives 

standard score equivalents only through age 80. The CVLT and Wechsler Memory Scale 

(WMS; Wechsler. 1945) criterion-related validity tests show 64% of the correlations 

between CVLT raw scores and WMS scores significant at p = .05 or less. Scores are 

shown in Table 2. 

Eight indicators measured nutritional status. These are simimarized by age and 

gender as anthropomorphic measures vary by gender (Table 3). Biochemical indicators 

were: albumin (visceral protein), total cholesterol (cholesterol), hemoglobin (-2 for 

males)(anemia) and percent lymphocytes and white blood cell count used to calculate 

total lymphocyte count (immune competence) using a previously published method 

(Grant, 1992). 

The somatic protein indicator was a factor score of gender-specific mid arm 

muscle area percentile (MAMA°o) based upon age [calculated from recumbent mid arm 
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circumference (MAC) and triceps skinfold (TSF)], usual body weight (UBW%), and ideal 

body weight (IBW%) using previously published methods (Grant. 1992). Principle axis 

factor weights for MAMA%, UBW% and IBW% were 0.51,0.32, and 0.82 respectively. 

The fat reserves indicator was a factor score that included recumbent triceps and 

subscapular skinfold measures obtained using a previously published method (Chumlea, 

Roche. & Mukheijee, 1987). Triceps and subscapular skinfold percentile principle axis 

factor weights were each 0.87. 

The physical malnutrition indicator, obtained by examining each subject for 

specific signs (angular stomatitis, corneal arcus. cheilosis, ecchymosis. edema, fat and 

muscle wasting, glossitis, koilonychia, pale nails, easily pluckable hair, pressure sores, 

xanthomas) of potential nutritional significance, was the result of the grading and scoring 

of each observed sign. Signs of potential nutritional significance frequently seen in the 

older population, in the experience of the researcher, were chosen tor the physical 

mahiutrition indicator. Clinical signs of nutritional depletion are evidenced late in the 

trajectory of being actively malnourished. Biochemical confirmation of nutritional 

deficiency (McLaren, 1992; Alpers. Stenson. & Bier, 1995; McDonald. 1994; Nagel, 

1993) is often foimd in the presence of lesions. Micronutrient status assessment tests that 

are available are often too costly to be routinely run so clinical examination remains of 

great importance (McLaren, 1992). Possible scores ranged from 0 to 36. The higher the 

score the more physical signs of malnutrition. 
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The Mini Nutritional Assessment (MNA; Guigoz, Vellas. & Garry. 1994), the last 

nutritional status indicator, is a multidimensional scale. It is comprised of anthropometric 

measures (mid arm and maximal calf circumferences and height and weight to calculate 

body mass index) and estimated weight loss in past 3 months, general factors (lifestyle, 

medication, psychological, mobility and skin condition), dietary factors (number of 

meals, food and fluid intake, autonomy of eating), and subjective (self-perception of 

health and nutritional status) assessments. MNA cross-validation indicated 70-75% 

sensitivity in classification of subjects as being well-nourished or malnourished without 

biochemical tests (the remaining 25-30% were classified at risk of malnutrition; Guigoz 

et al.. 1994). Eighty-eight to 98% of subjects were identically classified (clinical status vs. 

MNA without biochemical indices and MNA with biochemical indices respectively) in 

comparison with the clinical status (gold standard) nutrition assessment in the study by 

Guigoz and colleagues (1994). Possible scores range from 0 to 30. The lower the score 

the more malnourished/higher the risk of malnutrition. 

Data Analysis 

For the first hypothesis, dependent t-tests with tailed standards were used to test 

for cognitive decline with probability set at .05. Where change was significant, the 

direction of the change was studied to determine where there was decline. The age cut at 

<82.4 (mean age) and >82.4 allowed enough power to test each group. 

Logistic regression was used to test the second hypotheses. Measures of cognitive 

flmction with significant decline were iogistically regressed against the nutrition status 
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indicators to identify those predictive of decline in the total group and in each age group. 

For this exploratory research, logistic regressions with sensitivity of more than 40% and 

specificity of more than 50% with significance of .10 or less were retained. 

RESULTS 

Hypothesis I stated there would be cognitive decline from baseline in 3 months 

and 6 months for the total group and within age groups. Results are simmiarized in Table 

4. 

The total subjects significantly declined after 3 months in aspects of learning 

interference (List B Recall; 1 Trial and List B vs. List A Trial I) and response 

discrimination (False Positives). After 6 months the total group significantly declined in 

learning rate across trials (Slope); in aspects of learning interference (List B Recall: 1 

Trial and List B vs. List A Trial 1); and in aspects of response discrimination (False 

Positives and Free Recall Intrusions). Within the <82.4 age group decline was significant 

after 3 months in an aspect of learning strategy (List A Total; 5 Trials), in learning rate 

across trials (Slope), and in an aspect of learning interference (List B Recall; I Trial); 

and. after 6 months in another aspect of learning strategy (% Recency Recall); in learning 

rate across trials (Slope), in aspects of learning interference (List B Recall; I Trial and 

List B vs. List A Trial I), and in aspects of response discrimination (False Positives, Free 

Recall Intrusions, and Cued Recall Intrusions). Decline was significant in the >82.4 age 

group after 3 months in aspects of learning interference (List B Recall; 1 Trial and List B 



115 
vs. List A Trial 1); and, after 6 months, in aspects of learning rate across trials (slope) and 

learning interference (List B vs. List A Trial 1). 

The second hypothesis stated that cognitive decline will be predicted by 

nutritional status for the total group and within age groups. Cognitive function status 

decline was significant in the total group and within groups at 3 months and 6 months; 

buL could not be predicted by nutritional parameters in the total group at 6 months, the 

younger group at 3 months, and the older group at 6 months. For the total group, the 

aspect of cognitive decline predicted by the nutritional parameters (Table 5) was learning 

interference (List B vs. List A Trial 1) at 3 months predicted by low fat resers'es. For the 

younger group, aspects of cognitive decline predicted by the nutritional parameters at 6 

months included learning interference (List B Recall) predicted by low fat reserves and 

discrimatory problems (Free Recall Intrusions) predicted by low albumin, low 

cholesterol, and a low Mini Nutritional Assessment score. For the older group, aspects of 

cognitive decline predicted by nutritional parameters at 3 months included 2 measures of 

learning interference (List B vs. List A Trial 1) predicted by high fat reserves and (List B 

Recall) predicted by high fat reserves and high cholesterol. The aspects of cognitive 

decline predictive by specific nutritionai parameters are summarized in Table 5. 

DISCUSSION 

Cognitive ftmction declined in the total group and both age groups and there were 

nutritional parameters that predicted it. In the total group and the younger group, low fat 

reserves which may have been linked to inadequate calorie-nutrient intakes over time 
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predicted learning interference. Low fat reserves are potentially preventable with 

increased macronutrition. An increase in well-chosen nutrient-dense foods can increase 

caloric intakes as well as improve deficient nutrient intakes often associated with low fat 

reserves. Deficiencies of several nutrients have been linked to nutritional dementias 

(Escobar et al.. 1983: Heseker et al.. 1990: Tunle et al.. 1949: Benton et al.. 1997; 

Bohnen et al.. 1992: Goodwin, et al.. 1983). 

In the younger group low albumin, cholesterol and Mini Nutritional .Assessment 

(MNA) scores predicted decline in discrimmator\' response. Low albumin and low 

cholesterol have also been found predictive of higher mortality rates (Abbasi sc Rudman. 

1994: Katz. Beaton-Wimmer. Parmelee. Freidman. & Lawtoiu 1993: Verder>' & 

Goldberg. 1991). Low albumin is strongly related to nutritional status. Low NIN.A scores 

have been found to be predictive of undernutrition (Guigoz et ai.. 1994). 

in the older group high fat reserves and high cholesterol were predictive of an 

increase in learning interference. High fat reserves are linked to excessive calorie intakes 

in relation to energy utilization and need over time. High fat reserves and high cholesterol 

levels have been related to higher monalit>' rates (.A.bbasi & Rudman. 1994) and high 

cholesterol levels increase risk of atherosclerosis which can contribute to cognitive 

decline. 

Low and high fet reserves and high cholesterol predicted a decline with regards to 

learning interference and low albumin, cholesterol, and MNA scores predicted a decline 

w ith regards to discriminatory problems. Premature cognitive decline was significant in 
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the total group at 3 months, in the younger group at six months, and in the older group at 

3 months. 

APPLICATIONS 

The results of this study point to several potential areas of tnter\'ention that merit 

focus from the dietetics practitioner (Figure I). First, some nutrition parameters predicted 

areas of cognitive decline in this smdy. This suggests that nutritional interventions to 

prevent and treat premature cognitive decline could be designed and incorporated into the 

care plans of older adults. Nutrition intervention studies measuring outcomes in the area 

of cognitive decline, however, are needed to determine the effectiveness of nutrition 

interventions in prevention of predicted premature cognitive decline. 

Second, yoimger and older age groups tended to have predictors of cognitive 

decline at the opposite extremes of the U or J shaped curves of the weight (fat reserves) 

and cholesterol picture. With either extreme. low or high fat reserves or high or low 

cholesterol, predictiveness of cognitive decline was significant. Low fat reserves were 

predictive in conjunction with low cholesterol, low albvunin. and a low MNA score after 

3 months in the younger group. High fat reser\'es were predictive in conjunction with 

high cholesierols after 6 months in the older group indicating the need to closely monitor 

these parameters. 

Third, the importance of nutritional assessment in the older adult is underscored. 

The measures used in this study are usually available/easily attainable at low cost and are 

in the realm of recommendations that are made by dietetic practitioners doing nutrition 
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assessments in this population. The MNA can be self administered by alert older adults 

who can see to read and who can use a pencil. The anthropometric measures for fat 

reserves (triceps and subscapular skinfold) and for anthropometrical area of the MNA 

(MAC, calf circumference, height, and weight) can be easily obtained by the dietetics 

practitioner or other trained personnel. Therefore the use of fat reserves, albumin and 

cholesterol levels, and MNA scores in cluiical practice is recommended for the nutritional 

assessment of older adults. 
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Table I. 

Concepts. Indices, and Definitions of Indices Measured bv the California Verbal 

Learning Te§t 

Cognitive Concept CVLT Indices Definitions of Indices 

Learning Strategy: List A Total Recall Total number of words recalled on 5 

immediate fi-ee recall trials List A 

Semantic Clustering Degree to which examinee 

reorganizes the target words into 

categorical groups 

Serial Clustering Degree to which examinee recalls 

target words in the same order as 

presented 

Consistency of Item Recall % of target words recalled on one 

of first four trials recalled on the 

next trial 

Serial Position EffectiS-o Primacy Recall " o of words recalled fi-om primacy 

region of List A 

% Recency Recall % of words recalled firom recency 

region of List A 

Acquisition Rate: Slope Increment in words recalled per 

trial over Trials 1-5 

table continues 
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Table 1. (cont.) 

Cognitive Concept CVLT Indices Definitions of Indices 

Learning Interference: List B Recall 

List B vs. List A Trial I 

Short-Delav Free Recall 

Short-Delav vs. Trial 5 

Short-Delav Cued Recall 

Lona-Delav Free Recall 

Long-Delav Cued Recall 

Perservations 

Total number of words on 1 

immediate firee recall of List B 

Difference in standard scores 

between List B trial and Trial 1 of 

List A 

Recall trial of List A after 

introduction of List B 

Difference in standard scores 

between Short-Delay Free Recall 

and Trial 5 of List A 

Cued Recall trial of List A 

after Short-Delay 

Recall trial of List A after 20 

minute delay 

Cued Recall trial of List A 

after 20 minute delay 

Repetition of previous responses 

on a trial 

table continues 
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Table I. (cont.) 

Cognitive Concept CVLT Indices Definitions of Indices 

Discriminability: Recognition Hits Examinee endorsement of target 

items and rejection of distractor 

items 

False Positives Examinee endorsement of 

distractor items 

Free Recall Intrusions Free Recall of responses not on 

the target list 

Cued Recall Intrusions Examinee Cued Recall of responses 

not on the target list 

CVLT = California Verbal Learning Test 



Tabic 2. 

CMliromia Verlnil l-camintj T^^i 

Baseline 3 months 6 months 

CV1.T Inilice M SD Range M SD Range M SD Range 

1 ist A Total Recall 37.3 13.7 5-66 36.9 14.1 2-66 39.7 15.3 1-77 

Semantic riusteriiig 1.8 0.8 0-3.8 1.8 0.9 0-3.8 2.0 1.0 0-4.2 

Serial Clustering 2.1 1.7 0-7.3 2.0 1.6 0-7.9 2.0 1.8 0-9.0 

Consistency of llcm Recall 68.1 16.4 14.2-100 69.5 20.2 0-97.2 74.0 15.9 12.5-100 

% Primacy Recall 2().2 10.1 0-51.7 26.1 10.5 0-63.6 26.6 0.6 0-64.2 

% Recency Recall 32.1 14.5 8.6-100 32.4 13.5 11.40-100 32,6 14.6 4.3-100 

Slope ().') 0,5 -0.1 to 2.5 0.7 0.6 - .7 to 2.5 0.7 0.5 - ,4 to 2,0 

List B Recall 4.9 2.3 0-12 4.2 2,2 0-12 4.4 2.1 0-11 

List B vs. List A Trial 1 - .5 2.1 -6 to 5 -1.2 2.3 -7 to 5 -1.9 2.5 -9 to 3 

Short-Delay Free Recall 6.3 3.9 0-14 7.3 3.8 0-16 7.4 4.1 0-16 

tahlc continues 

C/i 



Table 2. (conl.) 

Baseline 3 months 6 months 

CVl.T Indice M SD Range M SD Range M SD Range 

Short-Delay vs. Trial 5 -2.7 2.1 -y to 1 -1.2 2.5 -8 to 11 -1.5 2.0 -7 to 4 

Short-Delay Cued Recall 8.3 3.6 0-16 8.7 3.5 1-16 9.1 3.6 1-16 

l.ong-Dclay Free Recall 7.2 4.1 0-16 7.6 4.0 0-16 7.9 4.4 0-16 

Long-Delay Cued Recall 8.3 3.7 0-16 8.7 3.5 1-15 9.1 3.8 1-16 

Perservations 3.3 3.6 0-23 2.9 3.4 0-18 2.7 3.1 0-19 

Recognition Hits 13.6 3.1 0-16 14.1 2.2 4-16 14.4 2.0 6-16 

False Positives 3.1 3.3 0-14 3.8 4.1 0-22 3.8 4.1 0-21 

I'lee Recall Intrusions 1.8 2.1 0-8 2.3 3.0 0-15 3.0 4.8 0-37 

Cued Recall Intrusions 2.2 2.5 0-15 2.4 3.2 0-23 2.7 3.0 0-17 

ON 
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Table 3. 

Nutritional Status Indicators hv Age Group and Gender 

<82.4 years 

Variable Women Men 

M SD Range M SD Range 

Albumin, g/L' 36.5 2.5 29.0-43.0 36.7 2.7 30.0-41.0 

Total Cholesterol. mmoI/L" 5.85 1.00 3.70-8.20 5.01 0.68 3.80-6.47 

Hemoglobin. g/L^ 141.3 12.0 117-162 147.4 17.0 108-172 

TLC/mm cu 1780 508 832-3071 1680 475 705-2664 

Somatic Protein 0.2 0.9 -2.1 to 3.0 O.l 0.7 - .7 to 2.0 

Fat Reserves 0.1 0.9 -1.3 to 1.7 0.5 0.9 -1.1 to 1.9 

Physical Malnutrition 2.9 1.8 0-8 5.9 2.8 I-ll 

MNA 26.7 2.4 20.0-30.0 27.2 2.0 21.5-30.0 

TLC = Total Lymphocyte Count 

MNA = Mini Nutritional Assessment 

table continues 
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Table 3. (cont.) 

>82.4 years 

Variable Women Men 

M SD Range M SD Range 

Albumin. g/L' 35.6 2.7 29.0-41.0 35.2 2.5 31.0-39.0 

Total Cholesterol. mmoi/L* 5.21 1.06 2.72-7.63 4.97 1-19 2.66-6.54 

Hemoglobin. g/L' 138.1 13.0 112-166 142.1 18.0 110-179 

TLC mm cu 1777 577 679-3306 1623 523 1232-3403 

Somatic E>rotein - .2 0.9 -2.7 to 2.2 - .3 0.6 -1.4 to l.O 

Fat Reserves - 0.8 -1.3 to 1.9 0.1 l.l -1.3 to 1.9 

Physical Malnutrition 3.7 2.6 1-14 2.9 2.2 0-8 

MNA 25.3 2.9 18.5-30.0 25.3 2.6 21.5-30.0 

TLC = Total Lymphocyte Count 

MNA = Mini Nutritional Assessment 

To convert g/L albumin to g/dL. divide g/L by 10. To conven g dL albumin to g/L. 

multiply by 10. 

•To convert mmol/L choiesterol to mg/dL. multiply mmol/L by 3S.9. To convert mg/dL 

cholesterol to mmol/L, multiply mg/dL by 0.026. Cholesterol of 5.00 mmol/L =193 

mg/dL 

To conven g/L hemoglobin to g/dL. di\ide by 10. To convert g dL albumin to g/L. 

multiply by 10. 
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Table 4. 

Paired Sample t-tests: Cognitive Function Variables with Significant = .05) Decline 

from Baseline to 3 Months and 6 Months bv Age Group 

Total Group 

Variable 3 months 6 months 

M SD t M SD t 

Learning Interference: 

List B Recall: 1 Trial 0.82 I.7I 5.37 0.65 1.99 3.61 

List B vs. List A Trial 1 0.75 2.85 2.94 1.49 3.19 5.21 

Response Discrimination: 

= False Positives - .75 3.80 -2.20 - .86 3.45 -2.75 

= Free Recall Intrusions -1.19 4.68 -2.82 

Learning Rate Across Trials: 

Slope 0.21 0.67 3.56 

= equal sign denotes negative variable: negative mean is decline 

variables without equal sign: positive mean is decline 

table continues 
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Table 4. (cont.) 

Subjects <82.4 years 

Variable 3 months 6 months 

M SD t M SD t 

Learning Strategy: 

List A Total: 5 Trials 2.37 8.38 2.37 

= % Recency Recall -2.1" 8.09 -2.24 

Learning Interference: 

List B Recall; 1 Trial 0.73 1.71 3.56 0.7" 1.96 3.30 

List B vs. List A Trial I 1.61 3.22 4.20 

Response Discrimination: 

= False Positives - .84 2.65 -2.66 

= Free Recall Intrusions -1.33 3.83 -2.90 

= Cued Recall Intrusions -1.16 2.91 -j.jj 

Learning Rate Across Trials; 

Slope 0.19 0.74 2.13 0.26 0.73 2.92 

= equal sign denotes negative variable: negative mean is decline 

variables without equal sign: positive mean is decline 

table continues 
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Table 4. (cont.) 

Subjects s82,4 years 

Variable 3 months 

M SD t 

6 months 

M SD t 

Learning Interference: 

List B Recall: 1 Trial 0.93 L72 4.05 

List B vs List A Trial 1 0.96 2.S0 2.57 1.33 3.17 3.09 

Learning Rate Across Trials: 

Slope 0.16 0.59 2.02 



Table 5. 

Predictiveness of Nutritional Status for Cognitive Function Measures That 
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Significantly Declined 

Total group; prediction at 3 months 

Cognitive Sensitivity Specificity Significance Odds Significant 

Dependent Ratio Independent 

Variables Variables 

Increase in Learning Interference: 

List B vs. List A Trial 1 60.00% 55.93% .07 0.69 Low Fat 

Reserves 

72 Subjects aged <=82.4; prediction at 6 months 

Cognitive Sensitivity Specificity Significance Odds Significant 

Dependent Ratio Independent 

Variables Variables 

Increase in Learning Interference: 

List B Recall: 1 Trial 41.38% 82.05% .04 0.55 Low Fat 

Reserves 

table continues 
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Tables, (cont.) 

72 Subjects aged <=82.4; prediction at 6 months 

Cognitive Sensitivity Specificity Significance Odds Significant 

Dependent Ratio Independent 

Variables Variables 

Decrease in Discriminatory Response: 

Free Recall Intrusions 86.11o 71.88% .01 0.04 Low 

•AJbumin 

.10 0.99 Low 

Qiolesterol 

.10 0.82 Low MNA 

table continues 
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Tables, (com.) 

60 Subjects aged >82.4; prediction at 3 months 

Cognitive Sensitivity Specificity Significance Odds Significant 

Dependent Ratio Independent 

Variables Variables 

Increase in Learning Interference: 

List B vs. List A Trial I 56.00% 61.29% .04 2.06 High Fat 

Reserves 

List B Recall: I Trial 47.83% 81.82% .05 2.17 High Fat 

Reserves 

.05 1.02 High 

Cholesterol 
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Figure I. Nutrition factors predictive of cognitive decline in the older adult 

high or low fat reserves 

high or low cholesterol level 

low albumin 

low Mini Nutritional Assessment score 
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Figure and Table Legends 

Figure I. Nutrition factors predictive of cognitive decline in the older adult 

Table I. Concepts. Indices, and Definitions of Indices Measured by the California Verbal 

Learning Test 

Table 2. California Verbal Learning Test Results 

Table 3. Nutritional Status Indicators by Age Group and Gender 

Table 4. Paired Sample t-tests: Cognitive Function Variables with Significant (p = .05) 

Decline from Baseline to 3 Months and 6 Months by Age Group 

Table 5. Predictiveness of Nutritional Status for Cognitive Function Measures That 

Significantly Declined 
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APPENDIX C: Human Subjects Approval 
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APPENDIX D: Human Subjects Consent 
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SUBJECT'S CONSENT FORM 

PROGNOSTIC NUTRITION INDEX PREDICTING 

FUNCTIONAL DECLINE RESEARCH 

I AM BEING -\SBCED TO READ THE FOLLOWING MATERIAL TO INSURE THAT I AM 
ENTORMED OF THE NATLTIE OF nflS RESEARCH STLT)Y AND OF HOW I WILL 
PARTICIPATE IN IT. IF I CONSENT TO DO SO. SIGNING THIS FORM WILL INDIC.ATE 
THAT I HAVE BEEN SO INFORMED AND THAT I GIVE MY CONSENT. FEDERAL 
REGULATIONS REQUIRE WRITTEN INFORMED CONSENT PRIOR TO 
P-\RTICIPATION IN THIS RESEARCH STLTDY SO I C\N JCNOW THE NATURE -AND 
RISKS OF MY PARTICIPATION AND CAN DECIDE TO P.\RTICIP.A.TE OR NOT 
P.\RTICIPATE IN A FREE AND INFORMED MAN'NER. 

PURPOSE 

I AM BEING INVITED TO PARTICIPATE VOLUNTARILY IN THE ABOVE-TTTLED 
RESEARCH PROJECT. THE PURPOSE OF THIS PROJECT IS TO IDENTIFY F.ACTORS 
THAT WILL PREDICT FUNCTIONAL DECLINE. 

SELECTION CRITERIA 

I AM BEING INVITED TO PARTICIPATE BECAUSE I AM 75 OR MORE \'EARS OF 
.A.GE. AM INDEPENDENT EST 2 OR MORE ACnVlTIES OF DAILY LIVING. AND HAVE 
THE MENTAL ABIUTY TO ANSWER QUESTIONS. 132 SU'BJECTS WILL BE 
ENROLLED IN THIS RESEARCH. 

PROCEDURES 

IF I .\GREE TO P.\RTICIPATE. I WILL BE .ASKED TO .ALLOW MEASUREMENT OF M\' 
HEIGHT. WEIGHT. LTPER .ARM AND CALF CIRCL^MFERENCE. .A. SKIN "PINCir OF 
MY LTPER .ARM AND BACK (TRICEPS AND SL^SC.APLTAR SKINFOLD 
.VIEASU'R£S)(ABOUT 5 MINUTES). AND A NTJTRrnON PHYSICAL EXAMINATION 
(CLOSE OBSERVATION OF HAIR. SKIN. EXTREMTTIES. EYES. MOUTH. 
FINGERNAILS)(ABOUT 5 MINUTES) AT THE BEGINNING OF THE STUDY .AND 
.AGAIN .AFTER 3 MONTHS AND AFTER 6 MONTHS. ALSO. I WILL BE .ASKED TO 
.ALLOW BLOOD TO BE DRAWN FOR LABORATORY TESTS AT THE BEGINNING OF 
THE STLT)Y (.APPROXIMATELY 2 TEASPOONWABOLT 3 .MINUTES). IN .ADDITION. I 
WILL BE .ASKED TO COMPLETE THE CALIFORNIA VERBAL LEARNING TEST. 
PHYSICAL SELF-MAINTENANCE .AND INSTRU'MENT.AL .AdTVlTIES OF D.AILY 
LIVING QLTSTIONS. GERIATRIC DEPRESSION SCALE. TINETTI BALANCE & G.AIT 
EV.ALUATION AND THE .MINI NUTRITIONAL ASSESSMENT .AT THE BEGINNING OF 
THE STLT>Y .AND AFTER 3 MONTHS ANT) .AFTER 6 MONTHS (APPRO.XIMATELY I 
HOUR EACH TIME). 

RISKS 

THERE IS MINIMAL RISK INVOLVED WTTH THESE TESTS .AND MEASURES. THE 
BLOOD DRAW MAY RESULT IN A BRUISE-LIKE AREA AND HAS THE RExMOTE 
POSSIBILITY OF RESULTING IN A POOLING OF BLOOD U'NDER THE SKIN. 
PHLEBITIS. OR INFECTION. TRAINED PEOPLE WILL DRAW THE BLOOD TO 
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DECREASE ANY RISK. THE BALANCE AND GATT EVALUATION REQUIRES 
STANDING UP. WALKING. AND TURNING. THE POTENTIAL RISK OF LOSING 
BALANCE AND FALLING EXISTS. THIS WILL BE MINIMIZED BY DISCONTINUING 
THE EVALUATION IF THE SUBJECT CANNOT EASILY STAND UP FROM A SITTING 
POSITION. 

BENEFITS 

SOCEETY MAY BENEFIT FROM THE DEVELOPMENT OF A PROGNOSTIC 
NUTRITION INDEX THAT COULD POTENTIALLY RESLT-T IN PREVENTION OF 
PREMATURE FUNCTIONAL DECLINE. HOWEVER. I AM NOT GUARANTEED ANY 
BENEFIT FROM MY PARTICIPATION. 

CONFroENTIALITY 

.ALL INFORMATION WILL BE KEPT CONTIDENTIAL BY .\DELE HULS. THE PERSON 
DOING THE STUDY. THE INFORMATION WILL HAVE YOUR NAME REMOVED .AND 
.A. CODE NUMBER ADDED TO REPLACE IT. THE INFORMATION WILL BE 
REPORTED AS A "GROUP" SO NO ONE WILL KNOW THE INFORMATION ABOLT 
YOU SPECmCALLY. THE ONLY OTHER PERSON THAT MAY BE ALLOWED TO 
KNOW YOUR INFORMATION SPECmCALLY IS THE PERSON SUPERVISING ADELE 
HULS. L.R. PHILLIPS. Ph.D. THE "GROUP" INFORMATION WILL BE AVAILABLE TO 
CONSULTANTS AND COMMITTEE MEMBERS EVOLVED WITH THE RESEARCH. 

PARTICIPATION COSTS AND SUBJECT COMPENSATION 

NO COST OR COMPENSATION TO THE SUBJECTS WILL BE INVOLVED WITH THIS 
RESEARCH STUDY. THESE TESTS -AND MEASURES WILL BE PERFORMED FOR 
YOU AT NO CHARGE. 

LIABILITY 

I UNDERSTAND, THOUGH THE RISKS OF THIS STUDY ARE MINIMAL. SIDE 
EFFECTS ARE POSSIBLE IN ANY RESEARCH PROGRAM DESPITE THE USE OF HIGH 
STANDARDS AND COULD OCCUR THROUGH NO FAULT OF MINE OR THE 
INVESTIGATOR INVOLVED. KNOWN SIDE EFFECTS HAVE BEEN DESCRIBED IN 
THIS CONSENT FORM. I UNDERSTAND THAT MONEY FOR RESEARCH-RELATED 
SIDE EFFECTS OR HARM. OR FOR WAGES OR TIME LOST. IS NOT AVAILABLE. I 
CAN OBTAIN FURTHER INFORMATION FROM ADELE HULS. REGISTERED 
DIETmAN AT 308 432-3841. IF I HAVE QUESTIONS CONCERNING MY RIGHTS AS A 
RESEARCH SUBJECT. I MAY CALL THE HUMAN SUBJECTS COMMITTEE OFHCE 
.A.T 520 626-6721. .ADDITIONAL INFORMATION/QUESTIONS CONCERNING 
LIABILITY MUST BE DISCUSSED WITH .ADELE HULS. DR. PHILLIPS. OR THE 
UNIVERSITY OF ARIZONA. 

.4UTHORIZATION 

BEFORE GIVING MY CONSENT BY SIGNING THIS FORM. THE METHODS. 
INCONVENIENCES. RISKS. AND BENEFTTS HAVE BEEN EXPLAINED TO ME AND 
MY QUESTIONS HAVE BEEN ANSWERED. I L^ERST.AND THAT I MAY ASK 
QUESTIONS AT ANY TIME AND THAT I .AM FREE TO WITHDRAW FROM THE 
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PROJECT AT ANY TIME WITHOUT CAUSING BAD FEELINGS. MY PARTICIPATION 
IN THIS PROJECT MAY BE ENDED BY THE INVESTIGATOR OR THE SPONSOR FOR 
REASONS THAT WOULD BE EXPLAINED. NEW INFORMATION DEVELOPED 
DURING THE COURSE OF THIS STUDY WHICH MAY AFFECT MY WILLINGNESS TO 
CONTINUE IN THIS RESEARCH WILL BE GIVEN TO ME AS IT BECOMES 
AVAILABLE. I UNDERSTAND THAT THIS CONSENT FORM WILL BE FILED EST AN 
AREA DESIGNATED BY THE HUMAN SUBJECTS COMMITTEE WITH ACCESS 
RESTRICTED TO THE PRINCIPAL INVESTIGATOR, ADELE HULS. OR AUTHORIZED 
REPRESENTATIVE OF THE NURSING DEPARTMENT. I UNDERSTAND THAT I DO 
NOT GIVE L*P ANY OF MY LEGAL RIGHTS BY SIGNING THIS FORM. A COPY OF 
THIS SIGNED CONSENT FORM WILL BE GIVEN TO ME. 

SUBJECT'S SIGNATURE DATE 

INVESTIGATOR'S AFFTOAVIT 

I ELA.VE CAREFULLY EXPLAINED TO THE SUBJECT THE NATURE OF THE ABOVE 
PROJECT. I HEREBY CERTIFY THAT TO THE BEST OF MY KNOWLEDGE THE 
PERSON WHO IS SIGNING THIS CONSENT FORM UNDERSTANDS CLEARLY THE 
NATURE. DEMANDS. BENEFITS. A>n) RISKS INVOLVED IN HIS/HER 
P.\RTICIPATION AND HIS/HER SIGNATURE IS LEGALLY VALID. A MEDICAL 
PROBLEM OR LANGUAGE OR EDUCATIONAL BARRIER HAS NOT PRECLUDED 
THIS UNDERSTANDING. 

SIGNATLUE OF INVESTIGATOR DATE 



APPENDIX E: Physical Malnutrition Indicator 
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LESION-1-2-3 !D 

Lesion scormg based upon area, saze. or desree of involvement: 

' ̂  descnpnon that most closeiy descnbes your observation • 

\AME 

Lcsions/Signs ABSENTfO) MILD (11 MODERATE (2) SEVERE (3) 

LIPS-MOUTH 

Angular stomatins 

Cheilosis 

TONGLfE 
Giossitis: 

Stages ot progression include 

Acute papillary hypertrophy 

I coior pmk. rubic. mtense red. 

beety. magenta) 

ipamml) 

Subacute hypenrophy w/tusion-

:latienmg ot papillae 

'otten pamiess) 

Chronic siazmg-eranular tiision 

ot iiapiiiae 

'ot^ oamiessi 

ChrtJnic atroohy ot filiform ac 

'Jien rungiibrm papillae 

I smooth, shiny, oiten paie tongue) 

I onen pamiess) 

eoiiheiium sore 
at junction 

mild chaupmg 

k. rissurmg 

of lio 
epithelium 

<1 -i of 

tongue 

involved 

detinite break 
m epithelium 

extensive chapping chappmg &. 

esions oiur muco
cutaneous luncnon 

jc nssurmg of 

3 epithelium 

.i-3/4 of 

tongue 

:nvolved 

tissunng cause 

breaks m lio 
etnthelium 

>3/4 of 

tongue 

mvolved 

E^-ES 
Corneal arcus 

I Note any Bitot's spots, 

pOterygiums, etc. I 

orcus 
around 

•; or iess 

of i-2 

corneas 

.;gnt/moaeraie 
arcus around 

;oth corneas 

.;3on exam 

corneal arcus 
apparent when 

talking up to 

person 

Ecchvmosis 

Edema 

i-3 areas 

henxirmagic 
mvoivement 

asiiaient 

not oittme 

^ areas of 

-emorrhagic 
rvolvetnent 

- 10-^2 pitting 

>8 areas of 

hemorrhagic 
mvoivement 

-3 to -4 pitnng 
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Connnued.... Lesion sconng based upon area, stage, or degree ot involvement 

Lesions/Signs 

Pressure sores 

Xanthomas 

None(O) 

I Note any seborrhea. 

h>'periceTatosis. etc. also ) 

Mild r I) 

Stage i or 
Stage 2; 

i -3 tatty 

deposits 

:dentitied 

Moderate (2) Severe (3) 

Stage 3; 1-2 sores Stage 3, >2 or 
sores; or 
Stage 4 

-M> tatty deposits many fatty 

apparent upon deposits 

e.xammaoon apparent when 
walkme up to 
person 

NAILS 

Koilonvchia rlattened 

naiibeds 

one concave 

natibed 

two or more 

concave 

naiibeds 

Pale nails pale nails that 

still blanche 

*vnh pressure 

pale nails that 

do not blanche 

with pressure 

white 

appearing; 

unblancheable 

H.\IR 

Easily piuckable 2-3 hairs/ 

eaof 3 plucks 

16-10 total) 

-1-5 haiis/pluck 

each of 3 plucks 

11-16 total) 

>5 hatis/pluck 

ea. of 3 plucks 

(>I6 total) 

OVERALL 

Fat and muscle wastine very thin 

appearing; 

shoulders 

thm but not 

bonv 

very thin appearing; skin over bone 

shoulders feel appearance w/ 

bony sunken eyes & 

cheeks 

Subtotals -X I point-t- X 2 points + X 3 points 

iCount ! f  of in each column <x muloply by the i f  points/column) 

= Lesion Score Total of points 
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-APPENDIX F: Descriptive Questions 
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DESC-1 ID# NAME 

We are happy you qualified for this nuintion research and that you agreed to be a participant. 
.Answers to the following will be very helpful; 

1. Gender: Male or Female 

2. Age: Date of birth: 

3. LIST any medical problems or diagnoses that you are aware of: 

4. LIST prescribed medications taken m LAST 3 MONTHS: 

Check (•) the most correct answer for the following: 

5. Nutritional supplement/beverage (like Ensure, instant breakfast. Sustacal) used 

in L.\ST 3 MONTHS: 

None ; 1-3 times per week : Daily or almost daily 

6. Vitamin &/or mineral use LAST 3 MONTHS: 

None daily : 1 -2 daily : 3 or more daily 

LIST any vitamin/mmenil pills you took routinely the LAST 3 MONTHS; 

7. Number of falls LAST 3 MONTHS: None_ 

8. Number of infections LAST 3 MONTHS: None_ 

9. Nimiber of fi^ctures LAST 3 MONTHS: None_ 

10. Number of hospitalizations LAST 3 MOS: None 

n. .\Icohol use LAST 3 MONTHS: 

None : 1-2 drinks/month or less : 3 or more drinks/month but less than l/day_ 

1-2 : 3 or more_ 

1-2 ; 3 or more_ 

I : 2 or more 

1 : 2 or more 

1-2 drinks/day : 3 or more drinks/day_ 

THANK YOU! 
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