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Stellingen

1. Stilstand leidt tot achteruitgang (dit proefschrift).

2. Krachttraining dient de spier; functionele training de gehele mens (o.a. dit
proefschrift).

3. Wat je waarneemt is niet altijd meetbaar (dit proefschrift).
4. Lobi na dresi (Aandacht geneest, Surinaams gezegde).
5. Plantaardige voeding is aardig voor plant, mens en dier.

6. ‘Those who cannot find time for exercise will most certainly find time for iliness’
(unknown).

7. Non multa sed multum (Niet het vele is goed maar het goede is veel, uit de
lessen van Opa van der Sloot).

8. True enjoyment comes from activity of the mind and exercise of the body
(Humboldt).

9. Desoriéntatie is het verlies van het Qosten (S. Rushdie).
10.Dans speelt met de zwaartekracht van passiviteit.

11.De ‘ritualiteit’ van de Qosterse keuken balanceert en activeert Iichaam en
geest.

12.Het is wetenschappelijk bewezen dat een hommel gegeven het zware gewicht
van zijn lichaam en het geringe draagviak van zijn vieugels onmogelijk kan
vliegen. De hommel weet het echter niet en vliegt (G. Burssens).

Stellingen behorende bij het proefschrift ‘Aging in balance: physical exercise and
nutrient dense foods for the vulnerable elderly’
Marijke Chin A Paw, Wageningen 19 oktober 1999
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Introduction

Life expectancy in the Westermn world has shown an impressive increase during
this century. In 1994 the average life expectancy in the Netherlands was 74.6
years for men and 80.3 yéars for women. Not all of these years are expected to be
spent in good health, though: in 1994 the number of years in perceived good
health (healthy life expectancy) was 60.1 years for women and 60.3 years for
men.' The number of years without disabilities (disability-free life expectancy) was
62.7 for women and 60.8 for men.' Health status is thus not optimal in the
remaining years. This has led to a growing awareness of the fact that prevention
and health care for elderly people should aim not only to prolong life but to
improve its quality as well.

Two promising strategies for improving the quality of life or health status of older
adults are physical exercise and nutrient supplementation. Both regular physical
activity and an adequate dietary intake are recognized as essential and mutually
interacting factors for optimal health. Because of their limited reserves, resulting in
an increased susceptibility to disability and dependency, frail older persons are at
an increased risk of a decline in quality of life. For this reason they may particularly
benefit from preventive interventions related to physical activity and diet. The
design of possible preventive interventions deserves special attention due to the
frailty element: programs need to be tailored to specific needs and capabilities.
This thesis focuses on the effectiveness of a specifically designed exercise and
nutritional program. The effects of these programs on functional status,
psychological well-being and social contacts have been studied in a large scale
randomized controlled trial. Effects on immune response are also addressed. The
complementary thesis of Nynke de Jong describes the eftects of both
interventions on nutritional and biochemical health indices.’

This introduction briefly explains the concept of fraiity, the preventive interventions
and the different outcome measures. The rationale of the thesis, the design of the
intervention study and the outline of the thesis will also be addressed.
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Physical frailty

The term frailty is frequently used in geriatric medicine and gerontology to
describe situations in which aging, disease and other factors such as a lack of
physical activity and inadequate nutrition make same people vulnerable (see
Figure 1.1}. There is no generally accepted definition or standardized criteria to
identify frailty.** The term is often used to denote people living in institutions or
those with an impaired functional status. This muddles the distinction between
frailty and functional dependence. Others regard frailty as a precursor state to
disability and dependence on others for daily activities: a state of reduced
physiologic reserve associated with an increased susceptibility to disability.’ This
definition includes those who are already dependent on others as well as those
who are at a high risk of becoming dependent. Frailty can thus be seen as a
position on a continuum from sturdy and robust at one end to a little frail,
moderately frail and very frail at the other.® This position is not static: for some
people frailty might be temporary, for example when following a serious iiness or
losing a loved one. For others it might be permanent, its degree changing over
time.

In order to evaluate preventive interventions it is necessary to identify frailty,
preferably at an early stage, before disability and institutionalization have
occurred. In this thesis we focus on frail older people who still live at home, but
who due to their reduced reserves are at an increased risk of dependency. This
group is likely to be underrepresented in general surveys of the elderly because
recruitment tends tc favor enrollment of healthier, more active and better
nourished subjects. A frail population will therefore be more difficult to reach and
its recruitment will take more effort and time. Although it would have been easier
to study institutionalized elderly, we have chosen to study the potential benefit of
intervention on independently-living frail elderly. Most older people live at home
and wish to remain doing so. Those ‘at risk’ of functional dependence, if
successfully identified, may particularly henefit from intervention programs meant
to prevent or slow down a further decline in function. Improving their functicnal
status may prevent or postpone the need for undesirable and expensive
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institutionalization and home health care provisions, and is therefore of the utmost
relevance.

Biological aging

Chronic diseases

> Frailty — Disability

Physical inactivity

Malnutrition

Figure 1.1 Conceptual model of frailty

Causes of frailty

In addition to biological aging and chronic diseases, physical inactivity and dietary
inadequacies are the main contributors to physical frailty (Figure 1.1).>” In general,
physical activity as well as diversity in types of activity decline with age.® In the
Netherlands in 1990, 57 percent of people aged 65 and over were considered to
be physically inactive during leisure time: this was defined as not participating in
sports or other types of physical activity such as walking, cycling or gardening.
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Amang people aged 35-44 this percentage is 29%.° Due to lower energy
expenditura, lower activity levels may result in a decrease in food intake, which in
turn may result in nutritional inadequacies. Bath an inadequate nutritional state
and inactivity have been associated with a loss of muscle mass and muscle
function, resulting in functional limitations and an even further decline in activity
level: a downward process thus evolves.™

Prevention of frailty

Appropriate exercise or multi-vitamin/mineral supplementation may be effective in
preventing or even reversing this downward process of frailty. The combination of
both may be even more effective. Figure 1.2 summarizes the hypothesized
relation between physical activity, diet and health.

! v

Health-related fitness Health
Physical activity ¢ muscle strength
—Pp| +» endurance — « Physical functioning
l T -« coordination «— | ° Psychosocial well-being
Diet o flexibility * Immune response
e speed

Figure 1.2  Conceptual model! for the relation between physical activity, diet and health
as studied in the present thesis (based on Bouchard et al)*®

Physical exercise

The level of physical activity is an important and consistent predictor of disability.
By improving physical fitness, exercise could ameliorate certain aspects of health
status such as physical functioning, psychosocial well-being and immune response.
In addition, certain types of exercise are hypothesized to lead to a direct
improvement of physical function or well-being (Figure 1.2). An example is the

112



Introduction

restoration of performance of daily activities such as walking or stooping. Next to
these physical mechanisms, exercise could also improve daily functioning and well-
being through psychological mechanisms. Subjects are stimulated to lead a more
active lifestyle, may improve their self-efficacy and may learn to enjoy physical
activity.

As a result, exercise has been advocated as a means of primary and secondary
prevention of frailty and disability in later life.”'*"* Recent research has
demonstrated the trainability of the frail and oldest old,™ but literature on design
and feasibility of exercise protocols adapted to a frail population is scarce. In
addition, convincing this vulnerable group to initiate and sustain an exercise
program is very difficult. Our goal was therefore to develop an exercise program
that is not only effective, but also enjoyable and easily accessible. The uniqueness
of our program is the focus on skills training, meaning that the specific activities
required for independence in daily activities were practiced. These daily activities
require sufficient muscle strength to carry, lift, stand and walk, as well as the ability
to reach, bend and grasp. Exercises therefore focused on an efficient use of all
motor qualities - strength, speed, endurance, flexibility and coordination - which
were trained by performing motor actions like walking, kneeling, reaching,
standing up from a chair, catching, and kicking. These activities were performed in
the context of motor behavior such as games and daily activities. The design of
the exercise program is described in detail in Chapter 4.

Nutrient dense foods

Low mobility and activity, poor appetite, dietary restrictions and social isolation are
frequent characteristics in frail elderly and may lead to a low food intake.” Low
dietary intake increases the risk of nutrient inadequacies. Reduced absorption,
increased excretion, poor utilization and nutrient-drug interactions may further
contribute to potential nutritional problems.™ Nutritional inadequacies have been
associated with decreased body strength, immune response and indicators of
quality of life.”*

As mentioned before, an inadequate nutritional state is an important contributor to
frailty. Due to poor appetite and low dietary intake, sufficient dietary improvement
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through regular food alone is very difficult.” One approach to improve nutrient
status in this group may be consumption of nutrient dense foods such as enriched
or fortified foods. Since intake is often low for a number of nutrients and the action
of many nutrients is complementary, it is more relevant to determine the effects of
improving the general micronutrient state than the effects of isolated individual
hutrients,

A variety of nutrient dense food products has been developed for the intervention
study described in this thesis. Specific products such as dairy desserts and fruit
juices were enriched with vitamins and minerals for which elderly people's intake is
frequently low. Consumption of two of these products provided 100% of the Dutch
recommended daily allowances (RDA} of vitamins D, E, B1, B2, 86, folic acid, B12
and C, and 25-100% of the Dutch RDA of calcium, magnesium, zinc, iron and
iodine. Because of their limited mohbility, the energy expenditure of frail elderly is
generally low. For this reason no extra energy was added. In addition, we alsc
wanied to examine the effects of both interventions on appetite and spontaneous
energy intake. We preferred enriched food products instead of vitamin pills because
consumption of tasty food products is more attractive than taking yet another tablet.
A detailed description of the contents and the product appraisal can be found in
the complementary thesis of Nynke de Jong.?

Exercise and nutrient dense foods

An interaction between exercise and diet is also imaginable. The effects of
exercise may be different, depending on the underlying nutritional state.
Conversely, increased energy expenditure through physical activity may improve
appetite and dietary intake, thereby reducing the risk of nutritional inadequacies.
Simultaneous intervention with both training and nutritional supplementation could
provide even greater gains.
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Outcome measures

This thesis deals with the effects of the above-mentioned interventions on
indicators of health status or health-related quality of life in frail older people. In an
aged population quality of life may be a more relevant outcome measure than
morbidity and mortality. Quality of life also reflects information on severity and
complications of diseases and their impact on daily functioning and well-being.
Besides, the most prevalent diseases are often chronic and incurable. There is no
standardized and ideal way to measure health-related quality of life. Health-related
quality of life is generally considered to comprise three main domains: physical,
psychological and social functioning. In the present thesis we focus on physical
functioning in the physical domain and on subjective well-being and social
contacts in the psychological and social domains. We will also be addressing the
effects on cellular immune response (see Figure 1.3).

Health-related

Quality of life
Physical functioning Psychosocial well-being Cellular immune
1. Functional status 1. Subjective well-being response
(functional limitations and 2. Self-rated health 1. Delayed-type
disabilities) 3. Frequency of social hypersensitivity
2. Physical fitness contacts

Figure 1.3 Operationalization of quality of life in the present thesis
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Physical functioning is often operationalized by assessing physical disability in
daily activities. We have also included functional limitations and physical fitness as
indicators of physical functioning. Questions on an individual's subjective appraisal
of their health and general well-being have been inciuded as indicators of
psychological functioning. The frequency of social contacts was assessed as a
measure of social functioning. The effects of both interventions on cellular immune
response have also been studied. As infeclious diseases can have debilitating
consequences for the elderly, prevention of the age-related decline in cellular
immune response may beneficially affect their quality of life.

With regard to the frailty of the study population we have paid special attention to
the applicability of the instruments in this vulnerable population group. We
selected several instruments with demonstrated validity, reliability and
demonstrated feasibility in an elderly population.

Physical functioning
Two components of physical functioning are addressed: functional status and
physical fitness.

Functional status

Functional status refers to a person's ability to perform tasks and fulfill social roles
associated with daily living across a broad range of complexity.” The ability to
perform everyday physical activities is important for the quality of life of older
people. In this thesis functional status was measured by physical performance
tests and disabilities as reported by the respondents themselves. Both measures
seem to have their own contribution to the assessment of functional status.® They
reflect different steps in the disablement process. This process, as described by
Verbrugge,” progresses from pathology to impairments, which in tum lead to
functional limitations and disabilities.

Functional limitations are defined as restrictions in performing basic physical and

mental actions used in daily life. Examples are restrictions in walking, lifting
objects, and impaired eyesight, hearing and communication. Limitations are often

10
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measured by performance-based tests in which respondents are asked to perform
tasks in a standardized or usual manner.

Disability is defined as an experienced difficulty doing activities in any domain of
daily life in one’s regular manner. Examples are dressing, eating, preparing meals,
hobbies and other leisure activities. Disability can be measured in a simple, direct
manner with self-reports about the degree of ditficulty experienced when
performing these activities. Disability refers to the expression of a functional
limitation within a social context. Performance-based measures thus reflect
functional limitations, whereas self-reported functional status reflects disabilities.”

Physical fitness

Fitness is highly associated with functional limitations and may be an important
modifier in the subsequent onset of disability.** A certain level of physical fitness is
required to perform daily physical activities. Physical fitness is defined as the
ability to perform muscular work satisfactorily and includes the following
components: morphologic factors (such as body composition, bone density,
flexibility), muscular endurance (power, strength, endurance), motor ability (agility,
balance, coordination, speed of movement) and cardio-respiratory capacity
(submaximal exercise capacity and maximal aerobic power)."” In this thesis we
focus on several components of fitness: coordination (manual dexterity), speed of
movement (reaction time), standing balance, flexibility (of the hip and spine and of
the shoulder), and strength (hand grip and leg extension strength). Because of the
high respondent burden of tests measuring submaximal exercise capacity and
maximal aerobic power, these components were not included.

Until now many studies on exercise and frailty have focused on institutionalized
elderly people and examined resistance strength training and muscle
strength.'*'*** Less information is available on the effects of comprehensive
exercise programs on the overall physical performance of independently-living frail
individuals. Chandler et al™ have observed improved chair rise performance as
well as mobility tasks but no effects on balance, endurance or disability after 10
weeks of strength training. Because there is such specificity in training effects,
improvements in overall physical performance probably require a comprehensive

11
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program in which the specific activities required for independence in daily activities
are practiced.

This Is, 1o our knowledge, the first controlled trial evaluating the effects of
micronutrient supplementation on functional status. Cross-sectional studies
suggest correlations between dietary intakes of vitamin B6, magnesium,
potassium, and muscle capacity.” Two trials on muscle strength that examined
supplementation with both macro and micronutrients found no effects on
functional measures such as grip strength, gait or stair-ciimbing power."*

Psychological and social functioning

Just like frailty, well-being is difficult to operationalize. It may be related to self-
esteem, cognitive functioning, personality and mood, including positive affects
such as happiness, vigor and morale, and negative affects such as anxiety and
depression.” The concept of wefl-being refers to more subjective intermnal states,
including how people feel physically and emationally, how they think about their
health, and how they think about themselves and their lives. In this thesis
psychological well-being was operationalized as the score on the Dutch Scale for
Subjective Well-being of Older persons (SSWOQ).” This scale includes 30 items on
health, self-respect, morale, optimism and contacts, and has been developed and
validated for elderly persons. Self-rated health, relative health and frequency of
social contacts were also assessed. Self-rated health describes how a person
perceives his own health.* Strong and consistent associations between self-rated
health and changes in functional status, health care utilization and mortality have
been found.”™ Social contacts with family and friends can provide social and
instrumental support and thereby contribute to well-being.

There is little experimental evidence of the beneficial effects of physical activity or
micronutrient supplementation on subjective well-being, especially in trail elderty
people.**™ Most studies have involved healthy young or middle-aged subjects or
anxious or depressed populations, and used vigorous aerobic training, vitamin pifls
or supplements including both macro and micronutrients. Furthermore, findings
are inconsistent partially due to methodological weaknesses such as small sample

12
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sizes, short intervention periods and the absence of an adequate placebo or
control group.”

Cellular immune response

Considerable evidence indicates that aging is associated with an altered regulation
of the immune system.” As immunocompetence declines, the incidence of
infections, cancer and autoimmune disorders increases. Part of the age-related
decline may be caused by nutritional deficiencies and/or decreased physical
activity.”* Consequently, nutritional or exercise interventions to enhance immune
function or prevent its decline could result in a decrease in the incidence and
mortality of some diseases and thereby improve quality of life in elderly people.

The effects of regular exercise on immunity in both frail and healthy elderly people
are unclear. Cross-sectional studies have found significantly increased natural killer
cell activity and T cell function in highly conditioned elderly subjects compared to
age-matched untrained controls.” Nevertheless, two controlled intervention studies
with resistance and cardiovascular training™ failed to find any effects after 12
weeks of these types of training in healthy elderly subjects. Previous studies
suggest that supplementation with multiple micronutrients improves cellular immune
response in healthy elderly.”* Because nutrient status, physical activity and
immune response are impaired in frail elderly, a beneficial effect is more Jikely to
occur and could be of greater clinical importance.

Rationale of the thesis

As more individuals live longer, it is of great interest to determine the effects and
feasibility of interventions in improving health, functional capacity and well-being,
especially of the most vulnerable segment of the population, the frail and very old.
Two preventive interventions with great potential are exercise and micronutrient-
enriched foods. Until now most research has been done in healthy or selected
groups of frail institutionalized elderly. Frail elderly still living in the community are
another vulnerable group at high risk of health deterioration who may particularly
benefit from preventive interventions. Further, there is a lack of exercise programs

13
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feasible for widespread implementation and long-term adherence in frail
populations. Data on such programs are also scarce. The health-related effects of
enriched foods have hardly been studied, given the fact that they have become
available only recently.

The objectives of this thesis are to investigate:

1. Criteria for the identification of frail elderly people;

2. Effects of a specific exercise and nutritional program on physical functioning,
psychosccial well-being and immune response in frail independently-living
elderly people;

3. Development of an exercise program for frail elderly pecple.

Design of the intervention study

The intervention study was a randomized controlled trial based on a two-by-two
factorial design that pemmitted an assessment of the effects of the exercise and
nutritional intervention, both independently and combined,.

Figures 1.3a and 1.3b depict the study design. Subjects were recruited by mail from
senior housing complexes, Meals-on-Wheels programs, home care crganizations
and general practitioners in the Wageningen area. To stimulate enroliment, study
subjects were first invited to attend an informative meeting near their houses. The
design of the study and programs was explained and we emphasized that the
program was accessible for all mobility levels and that subjects were always free
to withdraw. Transport to these meetings was arranged whenever necessary.

Those interested in participating were contacted later by telephone in order to
check the following inclusion criteria: age 70 or older, requirement of care services
such as home care or Meals-on-Wheels, not participating regularly in physical
activities of moderate to high intensity, self-reported BMI below 25 kg/m® or
involuntary weight loss, non-institutionalized, not having taken muftivitamins for the
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