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SUMMARY

Ageing is associated with a progressive decline in appetite and energy intake. Because
the latter is often greater than the decrease in energy expenditure that also occurs with
normal ageing, involuntary weight loss frequently occurs. This ‘physiological’
reduction in appetite and energy intake, termed the “anorexia of ageing”, may also
predispose individuals to pathological weight loss and malnutrition, which represent
major causes of morbidity and mortality in the elderly. The cause(s) of this

physiological anorexia are poorly defined.

The studies presented in this thesis address some of the mechanisms which may
potentially contribute to the physiological anorexia of ageing, as suggested by previous
animal and human studies. The studies reported in Chapters 8-11 are a logical
progression from a study conducted during the authors’ Honours Degree. In that initial
study, which is described in Appendix A, the effects of intraduodenal (ID) infusion of
lipid and glucose on appetite, pyloric motility and subsequent energy intake were
evaluated in young and older, healthy, men. In the young, ID lipid suppressed hunger
to a greater extent than ID glucose; in contrast ID lipid did not appear to reduce hunger
in the older subjects. The stimulation of phasic, but not tonic, pyloric pressure waves
by intraduodenal lipid infusion was greater in older than young men. There was a
greater suppression of energy intake by fat than glucose in the young men, but no
difference in the effects of the two nutrients in older men. These observations
suggested that effects of ID nutrients on appetite are impaired in the healthy elderly. The
enhanced pyloric response to ID lipid may potentially lead to slower gastric emptying.

There is some evidence that ageing is associated with an enhanced endogenous release
of gastrointestinal satiety hormones, specifically cholecystokinin (CCK). The effects of
ageing on endogenous release of CCK, glucagon-like peptide 1 (GLP-1), and peptide
YY (PYY) in response to intraduodenal lipid and glucose infusion were evaluated using
blood samples collected during the initial study described above. Plasma CCK
concentrations were higher in older than young subjects at both baseline, and in
response to the ID lipid infusion. There was no difference in plasma GLP-1 or PYY
concentrations between the age groups. The decrease in hunger during ID lipid was
inversely related to the increase in CCK, GLP-1 and PYY in young, but not older,
subjects. During ID lipid infusion the increase in isolated pyloric pressure waves
(IPPW) frequency was positively related to plasma GLP-1 and PYY and the increase in
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IPPW amplitude was positively related to CCK in the older, but not young, subjects
while the increase in IPPW amplitude and pyloric tone was inversely related to GLP-1
and PYY in the young subjects. These observations indicate for the first time that
human ageing is associated with an increase in circulating CCK concentrations which
may potentially contribute to slowing of gastric emptying, increased pyloric motility

and reduction in appetite

As stated previously, in the initial Honours study, there was a greater suppression of
energy intake by ID fat than glucose in the young men, but no difference between the
effects of the two nutrients in older men. Due to the absence of a control (saline)
infusion in that study, however, it was not known whether this age-related difference
was due to an increased satiating effect of ID glucose, or a reduction in the satiating
effect of fat, in older compared to young men ie potential differences in the effects of ID
glucose and lipid between the two groups could not be evaluated. A second study was
therefore conducted, to investigate the effects of intraduodenal (ID) infusion of saline,
glucose and lipid on appetite, blood glucose and gastrointestinal hormone release,
gastric myoelectrical activity and energy intake in young and older healthy men. ID lipid
suppressed energy intake in both the young and older men, whereas ID glucose
suppressed energy intake only in the older men. The blood glucose and insulin
responses to ID glucose were greater in older, than young men, with no difference in
GLP-1 or GIP responses to any of the infusions. There was a greater increase in the
EGG power ratio, both during and following, ID glucose in young than older subjects,
and an attenuation of the EGG frequency by ID nutrients in older, but not young, men.
These observations suggest that ageing is associated with nutrient-specific changes in
appetite, hormonal and gastric myoelectrical responses to ID nutrients. An enhanced

satiating effects of ID carbohydrate may contribute to the anorexia of ageing.

Studies in rodents have shown that the suppressive effects of exogenous CCK on
appetite are enhanced in older compared to young animals. The effects of intravenous
infusion of two doses of CCK-8 on appetite and energy intake were evaluated in
healthy older and young humans. Older subjects ate less of a test meal during all
treatment infusions than young subjects, and the suppression of energy intake by
intravenous CCK-8 infusions was greater in older than young subjects. Plasma
concentrations of endogenous CCK (greater than 12 amino acids) were suppressed by
CCK-8 infusion in both the older and young subjects, indicative of an autocrine

negative feedback mechanism that is involved in the regulation of endogenous CCK
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secretion. Plasma CCK-8 concentrations rose more during the infusions in the older
than young subjects, possibly explaining the greater suppression of energy intake by
the CCK-8 infusions in older subjects. Nevertheless, when corrected for the higher
CCK levels, there was no significant difference in the magnitude of the suppression of
energy intake for a given change in plasma CCK-8 concentration from baseline
immediately before the meal between the two age groups. These results indicate that the
sensitivity to the suppressive effects of exogenous CCK-8 is retained in the healthy
elderly. Given that healthy ageing is associated with increased fasting and lipid-
induced plasma CCK concentrations, increased CCK activity may play a role in the

“anorexia of ageing”.

Impaired gastric relaxation and accomodation to a meal may be associated with
gastrointestinal symptoms and early satiation in patients with functional dyspepsia and
diabetes mellitus. The effect of ageing on proximal gastric sensory and motor function
has not been evaluated previously. A study was conducted to investigate the effects of
ageing on fasting gastric compliance, the perception of gastric distension, and gastric
accommodation to a meal. During both isobaric and isovolumetric distensions the
pressure-volume relationship did not differ significantly between older and young
subjects. During gastric distensions perceptions of fullness, abdominal discomfort and
bloating were less in older than young subjects, whereas the perception of hunger was
less in the young compared to older subjects. While there was no effect of age on
energy intake and the size of a non-standardised test meal on the “barostat day”, the
“tube-only” day and the “control day” (no nasogastric tube), young subjects ate less at
the meal on the “barostat day” compared to the “tube-only day” and the “control day”
and less on the “tube-only day” compared to the “control day”. In contrast, there was
no effect of the different study conditions on energy intake in the older subjects and
they ate similar amounts on the "tube-only day" and the “control day". Following the
meal on the “barostat day”, the maximum intrabag volume occurred later in the older
compared with the young subjects. These observations indicate that healthy ageing is
associated with decreased perception of gastric distension without any change in fasting
gastric compliance, suggest that gastric tone late in the postprandial period may be less
when compared to the young. The observation that the presence of a nasogastric tube
inhibited food intake in young, but not older subjects, suggests that the control of

energy intake is less sensitive to external stimuli in older than young subjects.
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Studies in animals indicate the stimulation of feeding by endogenous opioids may be
attenuated by “ageing”. The effects of intravenous infusion of two doses of the opioid
antagonist, naloxone, on appetite and energy intake were evaluated in young and older
healthy subjects. In both age groups naloxone had no significant effect on perceptions
of hunger, fullness or nausea, but increased drowsiness compared to the control
infusion. Naloxone infusion reduced energy intake at an ad libitum meal compared to
control, with no difference between the doses in both young and older subjects. The
magnitude of this suppression was slightly, but not significantly, greater in the young
than older subjects, reflecting a trend to reduced suppression in older women. These
observations suggest that healthy older adults retain their sensitivity to the suppressive
effects of naloxone on energy intake, although possible gender differences in this
sensitivity warrant further investigation. A decline in opioid activity is unlikely to

contribute substantially to the physiological “anorexia of ageing”.

Ageing is associated with slight, but significant slowing of gastric emptying (GE) and
impaired postprandial glucose homeostasis. In young healthy subjects dietary glucose
supplementation increases the rate of gastric emptying of a glucose meal and enhances
the postprandial plasma insulin and GIP response. The effects of dietary glucose
supplementation on gastric emptying, postprandial blood glucose homeostasis, and
appetite after a glucose/oil “preload” were evaluated in healthy older volunteers.
Glucose supplementation accelerated GE of glucose, but not oil; there was a trend for
an increase in GIP, no change in GLP-1, an earlier insulin peak and a subsequent
reduction in blood glucose. Glucose supplementation had no effect on energy intake so
that energy intake was greater during the glucose supplemented diet. Appetite ratings
and energy intake at the buffet meal were also not affected by glucose supplementation.
This study indicates that in the healthy elderly, glucose supplementation accelerates GE
of glucose, but not fat, modifies postprandial blood glucose homeostasis and increases

total energy intake.

Postprandial hypotension represents a major cause of falls and increased morbidity in
the elderly. A study was conducted to determine whether slowing of gastric emptying
and glucose absorption with guar gum would reduce the fall in blood pressure after an
oral glucose load in healthy older subjects. The magnitude of the falls in systolic,
diastolic and mean arterial blood pressure were less, and gastric emptying slower after
guar gum. Blood glucose, insulin and 3-O-methyl-D-glucose (3-OMG; a non-
absorbable glucose analogue) concentrations were reduced by guar gum. 3-OMG
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concentrations were inversely related to the intragastric retention of glucose and blood
pressure was inversely related to 3-OMG after the drink without guar. The blood
glucose concentration was related to 3-OMG. The results establish that guar gum
reduces the magnitude of the fall in blood pressure after oral glucose in older subjects.
Slowing of gastric emptying and glucose absorption may represent a novel approach to

the treatment of postprandial hypotension in the elderly.

Malnutrition is a common clinical problem in the elderly, but it remains largely
unrecognised in community-dwelling persons. The prevalence of malnutrition, and
relationships between nutritional status [assessed using the Mini-Nutritional
Assessment (MNA)] and scores on the SF-36 Health Survey® (SF-36), Standardised
Mini-Mental State Examination, Geriatric Depression Scale were evaluated in 250
Domiciliary Care ‘functionally dependent’ recipients. Risk factors including living
status (ie alone/spouse or other), the amount of domiciliary care/ formal care (hr/month)
received, medical history, number of medications, and recent hospital admissions
(number of days within the last 12 months) were also recorded. In total, 59.6% were
well-nourished 37.2% were ‘at risk’ of malnutrition and 4.4% were malnourished
according to the MNA. The independent predictors of poor nutritional status were (i) a
history of respiratory disease; (ii) receipt of ‘Meals on Wheels’; (iii) an increased
number of days spent in hospital in the past 12 months; and according to the SF-36 (iv)
role limitation due to emotional problems; (v) physical functioning; (vi) general health
perception and (vii) mental health. The prevalence of being ‘at risk” of malnutrition was
high in this population, therefore the ‘functionally dependent’ community-dwelling
elderly may represent a subset of the elderly population who may benefit from routine

screening for prevention or treatment of malnutrition.
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1.1 INTRODUCTION

In 1868, Henry Purdon wrote of the residents of an infirmary in Belfast:

“Decay of Nature, or Senile Marasmus, has the greatest
number of deaths attributed to it. Their ages vary from
69 to 92 years. The inmates affected with this gradual
wasting of the body, which approaches very slowly,
have usually their mental facilities clear and unclouded
till the last, but complain of loss of appetite, bowels
costive, pulse small, quick and weak, and sleepless
nights, feel no pain, and look at death with seeming
indifference and carelessness, in many cases as a happy
release. With regards to treatment, medicines are of little
use.” (Purdon 1868).

This quotation illustrates the fact that severe anorexia leading to marked weight-loss and
protein-energy malnutrition in older adults is not a recent phenomenon. In fact, despite
the enormous medical advances in the twentieth century, particularly in the last three
decades, anorexia and protein-energy malnutrition remains a major cause of morbidity
and mortality in the elderly. The causes of anorexia in the elderly are varied and include
psychological, physical and social factors. There is also evidence that ageing is
associated with a 'physiological' anorexia, which may predispose to the development

of severe anorexia.

The purpose of this chapter is to review the demographic trend of ageing in society
(section 1.2), as well as the patterns of food intake (section 1.3), aetiology of
pathological anorexia (section 1.6), and the prevalence, clinical significance and
potential treatment of protein energy malnutrition (section 1.7) in the elderly. Particular
emphasis is placed on the 'physiological' anorexia of ageing (section 1.4), which
represents the primary focus of this thesis. Current knowledge about the central and
peripheral mechanisms involved in the regulation of appetite are discussed in Chapters
2 and 3, respectively. The known age-related effects on these appetite regulatory
mechanisms are discussed in Chapter 4 in relation to their potential role in the

physiological anorexia of ageing.
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1.2 AGEING IN SOCIETY

In the last 100 years there has been a dramatic, and continuing, increase in both the
number and proportion of people living into old age, particularly in western countries.
In the United States the elderly population is expected to increase by 8% over the next
20 years, so that by the year 2020, 65 million people (24.6% of the population) will be
over 60 years of age (Jackson 1999). Similar predictions have been made for Australia;
24% of the population will be more than 65 years of age by the year 2051 (Australian
Bureau of Statistics 1997) compared to 12% in 2000. The largest absolute growth in
the numbers of older persons, however, will occur in the developing countries such as
China, Indonesia, the Indian subcontinent and Mexico (Morley 1994c). Furthermore,
there will be a marked increase in the number of persons living beyond the age of 85
years ie. the old-old (Morley 1994c). These dramatic demographic trends are inevitably
associated with a substantial socioeconomic burden, not only on the individual, but also

on governments, since the use of healthcare increases with age.

Poor nutritional status has been implicated in the development and progression of
chronic medical disorders which commonly affect the elderly, including osteoporosis,
cardiovascular disease, diabetes mellitus and cancer (Morley 1996a). An increased
understanding of the factors which contribute to poor nutrition in the elderly should,
accordingly, facilitate the development of appropriate preventive and treatment

strategies and improve the health of older people.

1.3 EFFECT OF AGEING ON PATTERNS OF FOOD INTAKE IN
THE ELDERLY

Although food intake varies widely between individuals of a given age, ageing is, on
average, associated with a decline in energy intake. In the cross-sectional National
Health and Nutrition Examination Survey (NHANES I), conducted in the USA in
1971, approximately 16% of the population over the age of 60 yr consumed less than
4182 kJ per day (Abraham 1977), an energy intake which is associated with radical
weight loss diets often undertaken by young adults. A more recent NHANES (III)
study, conducted in 1989, and based on single 24-hr diet recall, reported an average
decline in energy intake between the ages of 20 and 80 yr of 5524 kJ/day in men and
2630 kJ/day in women (Figure 1.1)(Briefel et al 1995).
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Figure 1.1: Daily energy intake (kJ) based on single 24-hr dietary recall for men and
women (n= 14801) aged 20 years and older from the third National Health and Nutrition

Survey, US, 1988-1991 (Briefel et al, 1995).
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Other cross-sectional, as well as longitudinal studies have demonstrated this decline in
energy intake with age (Hallfisch et al 1990, Sjogren et al 1994, Koehler et al 1994).
For example, the Baltimore Longitudinal study, which followed-up free-living males
aged 20 to 99 yr, reported that in men aged 46-56 yr (n= 53) and 57-67 yr (n= 8)
energy intake per kilogram of body weight decreased by an average of 17.2 and 23.8
kI per kg, respectively during the 30 years of the study (Hallfisch et al 1990). A
Swedish study of 98 men and women found that there was an overall decrease in
energy intake of 2551 kJ/day in men and 1840 kJ/day in women between the ages of 70
and 76 yr (Sjogren et al 1994). A longitudinal study conducted in New Mexico, USA,
of 156 persons aged 64-91 yr, reported a decrease of 80.7 kJ/day/yr in women and
105.0 kJ/day/yr in men (Koehler et al 1994) during 7 years of follow-up.

These studies have consistently shown an age-related decline in energy intake at a
population level, but most have been conducted in developed, western societies
(Hallfisch et al 1990, Sjogren et al 1994, Koehler et al 1994) and not all have included
both men and women (Hallfisch et al 1990). The decline in energy intake in less

developed countries and in different subjects groups, therefore, remains to be defined.

There is evidence that the decline in energy intake in older persons is also associated
with changes in the macronutrient composition of food eaten (Sjogren et al 1994,
Hallfisch et al 1990, Koehler et al 1994). Sjogren et al (1994) reported a decrease in the
percentage of energy from protein, whereas others have shown a decrease in the
percentage of energy intake obtained from fat, in particular saturated fat (Koehler et al
1994) and an increase in percentage of energy from carbohydrate (Hallfisch et al 1990,
Morley 1997, de Castro 1993) with age. This alteration in macronutrient composition
of diet with ageing may largely be a reflection of changes in the food availability as well
as public education relating to the potential health risks and benefits of diet. On the
other hand, the decline in dietary fat intake observed in these studies (Koehler et al
1994, Hallfisch et al 1990, Morley 1997, de Castro 1993) may simply be a result of
survival bias of those consuming a low-fat diet. According to Patterson et al (1996),
who assessed food frequency questionnaires in over 7,000 women (aged 50-79 yr)
enrolled in the Women’s Health Initiative in the USA, low-fat dietary practices (eg
trimming fat from meat and using low fat dairy products) are widespread in the older
population. Although a reduction in dietary fat intake may be beneficial in older persons
who are overweight or have cardiovascular disease, as discussed, many elderly

consume too little food and therefore low-fat choices may make it even more difficult to
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maintain a positive energy balance. Furthermore, alterations in the macronutrient
content of the diet in the elderly may be due, in part, to changes in oro-sensory function
(Chapter 3.2.1) or in sensitivity to the satiating effects of specific macronutrients (see
Chapter 3.4 and Chapter 9).

1.4 THE ‘PHYSIOLOGICAL’ ANOREXIA OF AGEING

The population-based studies summarised previously, which have demonstrated an
age-related reduction in energy intake, by definition include older people who are ill as
a result of medical or psychiatric disorders, as well as residents in nursing homes or
other institutions. It is therefore unclear whether this decline in food intake is
physiological or pathological. There is, however, evidence that there is also an age-
related decline in energy intake in healthy, ambulant, non-institutionalised older people,
and this has been termed the “anorexia of ageing” (Morley 1997). It is intuitively likely
that the combination of this “physiological” anorexia with the anorectic effects of social
(1.6.1), psychological (1.6.2), physical (1.6.3) and medical (1.6.4) problems which
become increasingly frequent with ageing, predisposes to pathological anorexia and
malnutrition (Wurtman et al 1988, de Castro 1993, Clarkston et al 1997, Roberts et al
1994, Rolls et al 1995b). Wurtman et al (1988) showed that when 45 healthy elderly
(65-94 yr) and 41 healthy young (21-35 yr) adults from Massachusetts USA were
studied under identical conditions, the elderly ingested approximately 30% less energy
than young adults, particularly of fat (Figure 1.2). In addition, the elderly consumed
about 85% of their energy during meals compared with 72% in the young subjects, and
the total number of snacks consumed per day in the young was about twice that of the
elderly (Wurtman et al 1988). De Castro et al (1993), who assessed 7 day diet diaries in
307 healthy adults in Georgia USA, aged 20-80 yr, reported that healthy ageing was
associated with a reduction in energy intake of approximately 12%, reduced meal size,
slower rates of eating, fewer snacks between meals and less physical activity. Others
have found that healthy older persons are less hungry (Figure 1.3) and more rapidly
satiated after, eating a standard meal than younger persons (Clarkston et al 1997,
Roberts et al 1994, Rolls 1995b).

18



Anorexia in the Elderly Chapter 1

1 Young
B Older
10 1
8 ] 0T
Score 6 - z
(cm)
4
2 =
0
Hunger Fullness Prospective
energy.
consumption

Figure 1.2: Mean appetite scores after an overnight fast in 16 older and 16 young
healthy subjects, as assessed by 10 cm visual analogue scales (VAS) (see Clapter 6.3.1)
(Rolls et al 1995). *¥*P<0.05 vs young.
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Figure 1.3: Average daily energy intake (kJ), over a four day period under identical
conditions, in 45 young (21 male/24 female; mean age 27 yr) and 45 older (21 male/24
female; mean age 74 yr)(Wurtman et al, 1988). *P< 0.01 vs young of same gender.
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Much of the observed decrease in energy intake is probably attributable to the decline in
energy expenditure that also occurs during normal ageing (Morley 1997). For example,
Tzankoff et al (1977), who studied a group of 959 men from Maryland USA enrolled
in the Baltimore Longitudinal Study, reported that there is a reduction in the basal
oxygen consumption of approximately 33% between the ages of 20 and 90 yr (Figure
1.4). This decline in metabolic rate is also reflected by the reported decline in the
amount of physical activity and exercise with ageing. In many individuals, however,
the decrease in energy intake is greater than the decrease in energy expenditure, so body
weight is lost. Wallace et al (1995) reported, in 247 community-dwelling males aged
over 65 yr living in Washington USA, that the annual incidence of involuntary weight
loss of 4% or more of initial body weight was 13.1%, and of 5% or more was 7.8 %.

This decline in body weight, particularly after the age of 70 yr, as measured by body

mass index (BMI) (kg/mz), has been well documented in population-based cross-
sectional (Kuskowska-Wolk & Rossner 1990, Aloia et al 1996, Silver et al 1993,
Baumgartner et al 1998) and longitudinal (Steen 1988, Chumlea et al 1988) studies.
This age-related decline in body weight may be desirable in the majority of adults in
whom body mass increases, as a result of increased body fat, during middle age, that
is, ‘the middle age spread’ (Steen 1988); because of the high, and increasing,
prevalence of obesity in western countries mean body weight of the elderly remains

within the recommended range or decreases into it (Rumpel et al 1993, Steen 1988).

The relationship of BMI to in-hospital mortality is typically a U-shaped curve (Potter et
al 1988) (Figure 1.5), with the highest mortality rates among those people with a BMI

greater than 35 kg,/m2 or less than 19 kg/mz. It has, however, been suggested that age

may ‘accentuate’ the relationship between BMI and mortality rate at the lower extreme

(less than 19 kg/mz), since loss of lean body tissue (sarcopenia) accounts for a
substantial amount of the decline in body weight after the age of 60 yr (Evans &
Campbell 1993). It has been estimated that individuals lose up to 3 kg of lean body
mass per decade after the age of 50 yr (Dwyer 1993). Sarcopenia is associated with
adverse metabolic, physiologic and functional impairments and disability, including
increased risk of falls, as well as protein energy malnutrition (Baumgartner et al 1998).
Individuals who are already lean are clearly most at risk of sarcopenia (Rumpel et al
1993, Allison et al 1998). Moreover, the decline in lean mass with ageing appears to
differ between genders; men have a greater residual muscle mass and seem to tolerate
age-related sarcopenia better than women, who may reach the ‘frailty threshold’” more
quickly (Walston & Fried 1999).
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Figure 1.4: Basal oxygen consumption (mean + SEM), a marker of energy expenditure,
for 959 men participating in the Baltimore Longitudinal Study grouped by age
(Tzankoff et al 1977).
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Figure 1.5: Predicted probability of death (mortality) as a function of body mass index
(BMI) for 8428 patients (aged 20-99 yrs) admitted to the Nebraska Medical Center
hospital, Nebraska, between 1979-1983. Predicted probability was calculated from the
logistic model for each five age groups, Plotted points are mean values (Redrawn with
permission from the Journal of Gerontology; Potter et al, 1988).
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1.5 AGE-RELATED IMPAIRMENT OF HOMEOSTATIC
REGULATION OF ENERGY INTAKE AND BODY WEIGHT

One of the characteristics of ageing is a decreased ability to maintain physiological
homeostasis in the face of changes in either the internal or external environment
(Schlenker 1993). The general decline in physical and psychological systems with
ageing may possibly reflect this change in responsiveness. For example, by 80 years of
age, there is a significant decline in the physiological functions of the heart and nervous
system compared to young adulthood, ie. a 30% reduction in cardiac output, and a 15%
decrease in neuronal conduction (Schlenker 1993). Recent studies, in both animals and
humans, have demonstrated an age-related impairment in the homeostatic regulation of
energy intake and body weight, which has the potential to augment the adverse effects
of the anorexia of ageing. Felgines et al (1999) recently reported that during a 6 week
period of dietary restriction (50% of average intake during baseline diet) in adult (3-mo
old) rats, there was a rapid decrease in body weight during the first 2 weeks which then
stabilised, whereas in aged (22-mo old) rats weight loss continued throughout the 6
weeks and was significantly greater than in the younger animals. Furthermore,
compared to the 3-mo old rats, aged rats showed more marked visceral protein
depletion and deterioration of nitrogen balance during dietary restriction (Felgines et al
1999).

Healthy older people also have a reduced ability to compensate for modifications to
their diet compared to young adults (Roberts et al 1994, Rolls 1995b). For example,
Roberts et al (1994) imposed a 21 day period of overfeeding on healthy young (mean
age 24 yr) and older (mean age 70 yr) men (Figure 1.6); during this time both groups
gained weight. Following this, both group were allowed to eat ad libitum. During the
ad libitum period the young men ate less than their baseline (pre-overfeeding) intake
and their weight quickly returned to normal (Figure 1.6A). In contrast, the older men
continued to overeat and did not lose the weight they had gained. Perhaps more
importantly, following a 21-day period of underfeeding, older men continued to eat less
and did not regain the lost weight after ad libitum intake resumed, whereas the young
men overate and quickly regained the lost weight (Roberts et al 1996) (Figure 1.6B).
Furthermore, Rolls et al (1995b) showed that healthy elderly (aged 60-84 yr) men have
a reduced capacity to compensate at subsequent meals for variations in the
macronutrient and energy content of food eaten. In a study where they administered
blinded yoghurt preloads of varying energy and fat content and assessed ad libitum

food intake at a self-selected lunch, the elderly men consistently overate by between 10
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and 30% after the low fat/low energy, high fat/high energy and high carbohydrate/high
energy preloads compared to baseline (no preload), whereas young (aged 18-35 yr)
men adjusted their intake more accurately to within 10% of their baseline intake (Rolls
1995b). These findings are consistent with those of Phillips et al (1984) who reported
that older men are less thirsty and drink less, after 24 hr fluid deprivation, than young
men, suggesting that the elderly have a reduced ability to detect and respond to
dehydration (Phillips et al 1984).
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Figure 1.6: (A) Voluntary energy intake during a 10-day period following overfeeding
in younger (n=7) and older (n= 9) men and (B) voluntary energy intake during a 10-day
period following underfeeding in younger (n=10) and older (n= 9) men. Values are mean
(x SEM) expressed as a percentage of the initial (phase 1) weight maintenance energy
requirements (indicated by the grey horizontal line). The change in energy intake
relative to initial weight maintenance requirements were significantly different between
the age groups, with young subjects losing more weight after overfeeding and gaining
more weight after underfeeding than older subjects.
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1.6 AETIOLOGY OF PATHOLOGICAL ANOREXIA

The physiological anorexia of ageing may augment the adverse effects of a number of
factors which contribute to weight loss in the elderly; these factors include social,
psychological, physical, and medical factors, the majority of which are responsive to

treatment (summarised in Table 1.1).

1.6.1 Social factors

An important social factor that contributes to decreased food intake in the elderly is
poverty. Some older individuals, even in the wealthiest countries, have limited financial
means, making it difficult to afford food of good nutritional quality. Many also live
alone; social isolation may lead to a decreased appetite and energy intake in the elderly.
Social isolation and loneliness were both associated with dietary inadequacies in a
group of 61 independently living individuals, aged 60-94 yr, in Tennessee, USA
(Walker & Beachene 1991). Moreover, elderly individuals tend to consume more food
(up to 50% more) when eating in the company of friends than when eating alone (de
Castro 1993).

1.6.2 Psychological factors

Depression, often associated with bereavement and the deterioration of social networks,
is a common problem in older people and a significant cause of loss of appetite in some
(Blaum et al 1995, Katz et al 1993, Wade 1994). Depression is often associated with
feelings of hopelessness, fatigue and lack of interest in life and living, the so-called
“failure to thrive” (Newburn & Krowchuk 1994). Brodaty et al (1997) reported that,
among 285 patients diagnosed with major depression in a psychiatric ward in Australia,
the older patients (260 yr) experienced more severe loss of appetite and body weight as
a result of their illness than younger (<60 yr) patients. In extreme cases individuals may
even give up eating as a passive means of suicide (Newburn & Krowchuk 1994)
Alcoholism, which is associated with depression and loneliness, may also influence
appetite and energy intake in the elderly. Dementia may contribute to reduced food
intake in the elderly, because individuals simply forget to eat. Sandman et al (1987)
reported that as many as 50% of the institutionalised patients they had studied in Umea,

Sweden with dementia had protein-energy malnutrition.

1.6.3 Physical factors
Physical factors, such as poor dentition and ill-fitting dentures, may limit the type and
quantity of food eaten by older persons (Wilson et al 1998). Sahyoun et al (1988)
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found that half of 260 nursing home patients, aged 60-101 yr, studied in Boston USA,
complained of problems with chewing, biting, and swallowing, and that the
requirement for dentures was associated with poor protein intake in both men and
women. Mojon et al (1999), who studied a group of 324 institutionalised frail older
adults in Geneva Switzerland, reported that both body mass index (BMI) and serum
albumin were lower in the elderly with compromised dentition (ie full or partial
dentures, five or fewer natural teeth or the presence of mobile teeth) compared to those
who had adequate oral functional status. A dry mouth and reduced saliva are also
common complaints in the elderly (Dormenval et al 1999) and may potentially reduce
taste and appetite. Dormenval et al (1999) reported that among 99 elderly non-
psychiatric patients (mean age 83 yr) in a geriatric hospital in Geneva, Switzerland, lack
of appetite was associated with a stimulated salivary flow less than or equal to 0.5
ml/min compared to >1.0 ml/min in young healthy adults. Reduced saliva production is
associated with a number of diseases (eg: Parkinson’s disease) as well as some
medications (eg: diuretics) frequently prescribed to older persons. Atrophic glossitis
(absence of papillae in more than 50% of the tongue) also occurs frequently in the
elderly (Bohmer a& Mowe 2000) and has been associated with reductions in BMI,
triceps skinfold thickness, mid-arm circumference, muscle strength, as well as serum
concentrations of cholesterol, ascorbic acid, cholecalcidiol and vitamin B12.
Immobility, impaired balance, tremor, and visual impairment may also affect the

capacity of an older person to shop for, prepare and consume, food.

Table 1.1  Nonphysiologic causes of anorexia in older persons

Social factors

Poverty

Inability to shop

Inability to prepare and cook meals

Inability to feed one-self

Living alone/ social isolation / lack of social support network

Failure to cater to ethnic food preferences in institutionalised individuals

Psychological factors

Alcoholism
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Bereavement
Depression
Dementia/ Alzheimer’s disease

Cholesterol phobia

Physical factors

Reduced mobility

Decreased saliva

Poor dentition, ill-fitting dentures
Atrophic glossitis

Tremor

Impaired vision

Impaired balance

Medical factors

Cancer

Alcoholism

Cardiac failure

Chronic obstructive pulmonary disease
Infection

Dysphagia

Rheumatoid arthritis

Parkinson’s disease
Hypermetabolism (eg. hyperthyroidism)
Malabsorption syndromes

Dyspepsia

Vomiting/ diarrhoea/constipation

Medicattons
- anti-infectives
- antineoplastics
- antirheumatics
- cardiovascular agents
- CNS agents

- gastrointestinal agents
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- diuretic agents
- pulmonary agents
- antihypertensive agents

- nutritional supplements

1.6.4 Medical factors

Medical conditions that are common in the elderly, including gastrointestinal disease
(Katelaris et al 1993), malabsorption syndromes, acute and chronic infection, cardiac
failure and hypermetabolism (ie hyperthyroidism) (Morley 1997) often result in
anorexia, micronutrient deficiencies (Russell 1986) and increased energy requirements

(summarised in Table 1.2).

Malignancy (Wallace et al 1995), infection and rheumatoid arthritis (Roubenoff et al
1994) probably produce their anorexic effects by the release of cytokines [eg.
interleukin 1 (IL-1), interleukin 6 (IL-6) and tumour necrosis factor alpha (TNF-a)].
Cytokines have been shown to decrease food intake and reduce body weight via a

number of central and peripheral pathways (Yeh &Schuster 1999).

Ageing may itself be a form of stress. It is associated with “stress-like” changes in
circulating hormones; increased cortisol and catecholamines and decreased sex
hormones and growth hormone (Morley 1997). Increased secretion of cortisol and
catecholamines may in turn stimulate the release of IL-6 and TNF-a (Yeh &Schuster
1999), whereas sex hormones inhibit IL-6. Serum IL-1 and IL-6 levels are elevated in
older people with cachexia (Anker et al 1997, Roubenoff et al 1994, Liao et al 1993,
Cederholm et al 1997, Roubenoff et al 1998), while plasma IL-6 concentrations
apparently increase as a function of normal ageing (Ershler et al 1993) and correlate
inversely with levels of functional ability in elderly people (Cohen et al 1997).
Increased cytokine levels, due to the "stress" of ageing per se, or the amplified stressful
effects of other superimposed pathologies, may thus provide an explanation for some

of the decline in appetite and body weight which occurs in many older people.
The prevalence of atrophic gastritis and Helicobacter pylori infection increases with age

(Saltzman & Russell 1998, Katelaris et al 1993). The decrease in gastric acid secretion

often associated with atrophic gastritis and Helicobacter pylori infection (Katelaris et al
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1993) and a decrease in active intestinal transport (Schumann 1999) may lead to
malabsorption of vitamin B12, vitamin K, folate, calcium, iron and zinc (Saltzman &
Russell 1998, Schumann 1999). Deficiencies of vitamin B12, folate and zinc have been
associated with loss of appetite (Russell 1986). Constipation is also a common
complaint in the elderly and may cause gastrointestinal symptoms, including decreased
appetite, and lead to abuse of laxatives which may compromise nutrient absorption
(Schlenker 1993).

Postprandial hypotension or the sudden fall in blood pressure following food ingestion,
particularly after eating foods that are high in carbohydrate, occurs frequently in the
elderly. In most elderly persons, meal-associated declines in blood pressure are modest
and asymptomatic, however, in elderly patients with hypertension, Parkinson’s disease
or autonomic dysfunction and particularly those in nursing homes, the postprandial
decline in blood pressure may be of sufficient magnitude to cause dizziness or syncope
and subsequent falls (Jansen et al 1995a) (see Chapter 5). Postprandial hypotension
may indirectly lead to malnutrition, by causing electrolyte imbalance due to insulin
release, or aspiration pneumonia in individuals with cognitive problems or dysphagia
(Morley & Silver 1995). The regulation of postprandial blood pressure may be related
to the rate of gastric emptying which is altered in the elderly (see Chapter 4.3 and 14).

1.6.4.1 Medications

The elderly are major users of prescription medications, a number of which can affect
taste or cause malabsorption of nutrients, gastrointestinal symptoms and loss of
appetite. Furthermore, the elderly frequently take multiple medications, which increases
the risk of drug interactions that may cause anorexia. For example, digoxin and some
forms of cancer chemotherapy can cause nausea, vomiting and loss of appetite (Roe
1988). Other medications can deplete mineral stores; penicillamine induces zinc
depletion which can lead to loss of taste acuity and decreased food intake (Roe DA,
1988, Schumann 1999), while high doses of aluminium or magnesium hydroxide
antacids deplete phosphate and potassium stores, potentially leading to muscle
weakness and anorexia (Roe 1988). The use of diuretics, antihypertensives and CNS
or sedative medications, may also reduce energy intake indirectly by causing electrolyte

abnormalities, hypotension or confusion (Morley & Silver 1995).

31



Anorexia in the Elderly Chapter 1

1.7 PROTEIN ENERGY MALNUTRITION IN THE ELDERLY

Protein energy malnutrition occurs frequently in the elderly, but is often unrecognised,
particularly in those living in institutions. The prevalence varies depending on the type
of institution ie nursing home vs hospital, of the study population. The methods used to

define this condition are discussed in more detail in Chapter 6.5.

1.7.1 Prevalence

Studies in both the US and Australia have reported that up to 15% of community-
dwelling and home-bound elderly (Mion et al 1994, Thorslund et al 1990), between 23
and 62%, of hospitalised patients (Wilson et al 1998, Zador & Truswell 1987,
Marshman et al 1980, Wood et al 1985, Bacon 1995, Low & Cameron 1997) and up to
85% (Pinchofsky-Devin & Kaminski 1986, Shaver et al 1980) of nursing homes

residents (Mion et al 1994), have protein energy malnutrition.

Many of the surveys conducted both overseas and in Australia have focussed on the
institutionalised elderly, even though a large majority of the elderly population are not
dependent on institutional care. The Australian Longitudinal Study of Ageing (ALSA),
conducted in a randomly selected sample of both community-dwelling and
institutionalised people over 70 yr living in Adelaide, has assessed nutrient intakes and
factors influencing choices using self-completed questionnaires including the ANSI (12
question) checklist and a semi quantified food frequency questionnaire (Cobiac &
Syrette 1995). According to the results of the ANSI checklist, in a sample of 940 non-
institutionalised subjects from this study, 30% of the population were classified at high
risk, 20.6% at moderate and 49.5% at low risk of developing nutritional problems.
There is some suggestion from previous studies that the ‘functionally dependent’
elderly, ie those who receive in-home Domiciliary care and/or “Meals on Wheels” have
a lower dietary intake (Lipschitz et al 1985, Payette et al 1995) and below-normal
indices of nutritional status (Morgan et al 1986), compared to free living elderly and
therefore could be considered as a high risk group for malnutrition (Payette et al 1995).
If this were so, they may represent a subset of the elderly population who could be
targeted for prevention and treatment of malnutrition. The prevalence of malnutrition in
a sample of elderly individuals (n= 300) who receive domiciliary care, in South
Australia, using the Geriatric Mini Nutritional Assessment (see Chapter 6.5.3.3)
(Guigoz et al 1994, Guigoz et al 1996) is evaluated in Chapter 15.
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1.7.2 Clinical significance of PEM in the elderly

Protein energy malnutrition is associated with impaired muscle function, decreased
bone mass, immune dysfunction, anaemia, reduced cognitive function, poor wound
healing, delayed recovery from surgery and, ultimately, increased morbidity and
mortality (detailed in Table 1.2). Epidemiological studies have demonstrated that
protein energy malnutrition is a strong, independent, predictor of mortality in elderly
people regardless of whether they live in the community (Campbell et al 1990, Mattila
et al 1986) or in a nursing home (Morley & Silver 1995), are patients in a hospital
(Cederholm et al 1995; Marton et al 1981, Rabinovitz et al 1986), or have been
discharged from hospital in the last 1-2 years (Sullivan et al 1991, Wallace et al 1995).

Table 1.2  Effects of weight loss and protein energy malnutrition on function in the
elderly - [adapted from Morley et al (1996a)].

1 muscle function
1 muscle relaxation
! muscle mass
! muscle strength
T risk of fracture
 bone mass
T incidence of falls
{ functional status
! immune function
T increased risk of infection
! delayed skin hypersensitivity
T T cell lymphocytopenia
{ synthesis of interleukin-2
 cytolytic cell activity

l response to influenza vaccination
Anaemia

Poor wound healing
Fatigue
Pneumonia

Delayed recovery from surgery

{ cognitive function
| cardiac output
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{ intravascular fluid (dehydration)

T incidence of pressure sores

! maximal breathing capacity

T hospital admission and length of stay
T mortality

The increased mortality rate in elderly people with protein energy malnutrition per se is
further increased when other medical diseases are present. For example, in a Swedish
study of 205 patients >70 yr without cancer, the 9 month mortality rate after admission
to a medical ward was 44% in 41 malnourished patients without cardiac failure, 18% in
164 well-nourished patients without cardiac failure, but 80% in 10 malnourished
patients with congestive heart failure (Cederholm et al 1995). Fiaccadori et al (1999)
reported that among 309 patients with acute renal failure admitted to a renal ward in the
USA, the presence of severe malnutrition was associated with a 62% in-hospital
mortality rate compared to 18% mortality rate in well-nourished patients. Davalos et al
(1996) in a study of 104 patients who had suffered acute stroke (cerebral accident),
found that those patients who were malnourished had an increased risk of death, or
disability at follow-up, compared to those who were well nourished at the time of their

stroke.

1.7.3 Treatment
There are a number of potential treatments available for protein energy malnutrition in
the elderly; the success of these treatments is dependent on the severity of malnutrition

and presence of related co-morbidities.

1.7.3.1 Nutrient/vitamin supplementation, and exercise
The simplest way of treating malnutrition in undernourished older people is to

encourage and educate those who are willing and able, to eat more. There is evidence
that nutritional supplementation is effective. For example, dietary protein
supplementation, given for a 60 day period, increased daily protein and energy intake,
body weight and nutritional status in a group of nursing home patients in Toulouse,
France who were malnourished, or at risk of malnutrition, when compared to the non-
supplemented group (Lauque et al 2000). Tkatch et al (1992) assessed the mortality rate
following administration of an oral nutritional supplement, containing protein (20.4g),

mineral salts (calcium, magnesium and phosphorus) and vitamins A & D3, daily for a

34



Anorexia in the Elderly Chapter 1

mean of 38 days, in 33 elderly patients (mean age 82 yr) with hip fracture admitted to a
hospital in Geneva. They reported that the mortality rate over a 7 month period was
28% lower than in a group of patients (n= 29) who received the same nutritional
supplement without protein over the same period of time (Tkatch et al 1992).
Furthermore, in a study of 60 elderly long-term-care residents in Ohio, USA, residents
who were given a 1255 kJ nutritional supplement (which contained 15g protein, 40g
carbohydrate, 9g fat and 25% of the recommended daily intake (RDI) for all
vitamins/minerals) 3 times daily over a 6 week period, increased their total energy and
macro- and micro nutrient intake, without displacing energy or nutrients from their

normal diet compared to residents who received no supplement (Turic et al 1998).

The efficacy of oral nutritional supplementation in the elderly, is probably attributable,
at least in part, to the age-related impairment of homeostatic regulation of food intake
(Section 1.5), such that older people reduce their energy intake from non-supplement
sources less in compensation for the supplement than do young adults. The potential
mechanisms influenced by dietary supplementation are examined in more detail in
Chapter 13, where the effect of dietary glucose supplementation for 10 days on food
intake, gastric emptying, gastrointestinal hormone release and appetite in response to a

glucose/oil preload in 8 healthy older subjects is investigated.

Not all studies have reported positive effects of oral nutritional supplementation in the
elderly. Gray-Donald et al (1995) reported that frail elderly people, living at home, in
Québec, Canada, gained weight during 12 weeks of oral protein supplementation (2.1
vs 0.6 kg), but this was not associated with changes in handgrip strength, general well-
being, or perception of health. Hogarth et al (1996) reported that mental status, Barthel
(activities of daily living) score or length of hospital stay significantly improved in a
group of elderly medical patients in London, England, following dietary glucose
supplementation with and without the addition of vitamins compared to a placebo

supplemented group.

Other studies suggest that vitamin and trace element supplementation may be beneficial
in both institutionalised and healthy older people. For example, prophylactic use of
calciuom and vitamin D3 (cholecalciferol) has been shown to reduce the rate of hip
fracture by 43% in institutionalised older persons in Lyon, France (Chapuy et al 1992).
Vitamin and trace element supplementation also reduces the incidence of minor
infections in healthy elderly subjects (Chandra 1992).
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Increasing the physical activity and strength of older persons through aerobic exercise
and resistance training has the potential to increase metabolic rate, and therefore
appetite, as well as slow the decline in muscle mass normally associated with ageing.
Horber et al (1996) reported that in trained (defined as regular physical activity for more
than 10 years with a jogging distance of at least 30 km per week) older men (aged 67 +
1 yr) lean mass was similar to untrained young men (aged 31 + 2 yr) (56.0 + 1.0 kg vs
56.4 £1.0 kg) and a mean of 3.5 kg greater than in untrained older men (aged 69 + 1
yr). In the older trained men, carbohydrate oxidation was higher and fat oxidation less
than in the other two groups (Horber et al 1996). A recent study by Morio et al (Morio
et al 1998), in 13 elderly sedentary subjects (aged 63 + 2 yr), however, reported only a
transient increase in sleeping metabolic rate, basal metabolic rate and diet-induced
thermogenesis after 7 weeks of progressive endurance training, and this was not
maintained over the 14 weeks of training. A combination of resistance training and
protein supplementation may be more beneficial than either alone, as indicated by the
results of a study performed by Fiatarone et al (1994), in frail elderly men (n= 37) and
women (n= 63) aged 72-98 yr from Boston, USA. A nutritional supplement (240 ml,
1506 kJ [60% carbohydrate, 23% fat, 17% soy-based protein]), combined with lower
extremity resistance training (3 x 45 min sessions per/week) over 10 weeks, increased
bilateral hip and knee extensor muscle strength by ~138 + 8% and type II (fast-twitch)
thigh muscle area by ~3 + 3% compared to that of the placebo group. Total dietary
energy intake was also approximately 1550 kJ greater than the control group in subjects
who received both the supplement and exercise training and this lead to a 1.8 %

increase in body weight (Fiatarone et al 1994).

Improving the pleasurable qualities of food ie taste and smell (Chapter 3.2), may
potentially stimulate an increase in appetite and food intake in the elderly, but there is
little information about this. Schiffman et al (1993) assessed the effectiveness of
flavour-enhanced foods, given over a 3 week period, and had limited success in
improving appetite and body weight in elderly nursing home patients. Patients
consumed more of the flavour-enhanced foods compared to the control period, but the
overall macronutrient content and energy intake of their diet and individuals’ body
weight did not increase during flavour-enhanced diet (Schiffman et al 1993). Exposure
to a flavour-enhanced diet may, therefore, be of limited success in increasing overall

intake or may require more than 3 weeks to be effective.
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Enteral feeding via a nasogastric tube may be used when swallowing difficulties or
dysphagia occur in malnourished patients. There is an improvement in clinical outcome
in patients recovering from hip fracture when enteral feeding is given in addition to oral
supplementation (Delmi et al 1990). Enteral feeding also assists weight gain, improves
biochemical nutritional markers and reduces mortality in patients with alcoholic liver
disease (Kearns et al 1992). Total parenteral nutrition (TPN) is administered only when
the gut is no longer functional, and the use of TPN is limited since it has a higher
complication rate and is more expensive than enteral feeding (Morley 1997). There
may, however, be a place for short-term parenteral nutrition in malnourished older
persons who are hospitalised or in a nursing home who have an insufficient oral intake

and impaired gastrointestinal motility (Kamel et al 1998).

1.7.3.2 Medications

None of the currently available medications has a major role in safely stimulating
appetite in the elderly. Corticosteroids have been used as appetite stimulants in palliative
care patients, and cause some body weight gain, but this is primarily through increases
in fat mass and fluid retention, and these drugs have many side effects (Morley 1997).
Jackobs et al (1999) reported recently that 20 out of 27 underweight nursing home
residents in Ohio USA, aged 75-100 yr, gained between 2.0-3.8% of their body weight
following administration of the hormonal antineoplastic agent, megestrol acetate (40
mg), for one month, however, its longer-term effects on body weight are not known.
Megestrol acetate is associated with some adverse effects including thromboembolic
disorders (thrombophlebitis and pulmonary embolism), hypertension, heart failure,
nausea, vomiting and fluid retention. Anti-depressant medications increase appetite and
promote weight gain in older persons suffering depression (Fitten et al 1989), but have
not been shown to be beneficial in those who are not. Most other appetite-stimulating
drugs that have been used to treat anorexia in the elderly have been of limited success
and are associated with major side-effects, such as sedation, dizziness, nausea and
deliium (Morley 1997). They include duranabinol (tetrahydrocannabinol),
metaclobemide and cyproheptadine (Morley 1997). There may be a role for CCK
antagonists, such as loxiglumide, in increasing food intake in the elderly (see Chapter

10), but this has not yet been evaluated.
There is some evidence that the relative growth hormone deficiency which affects up to

half of elderly persons may be a cause of the reduction in lean body mass observed

with ageing (Borst et al 1994). Growth hormone supplementation causes weight gain in
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malnourished elderly patients (Borst et al 1994). There is, however, no evidence for
improvements in morbidity or mortality with growth hormone supplementation (Morley
1997); moreover a recent large study in catabolic intensive care subjects reported an
increased mortality in patients receiving high doses of growth hormone, mainly due to
complications such as multiple organ failure, sepsis or uncontrolled infection (Takala et
al 1999).

Anabolic steroids have been shown to increase muscle mass (Sheffield-Moore et al
1999) and strength (Bhasin et al 1996) in young adults, particularly in individuals who
are hypogonadal (Strawford et al 1999, Tenover 1998). Testosterone has been used in
older people, with some success. For example, Snyder et al (1999) recently reported,
in men aged over 65 yr, that testosterone treatment for 36 months increases bone
mineral density in those subjects with low pretreatment serum  testosterone
concentrations. In a cross-sectional study of 121 healthy men aged 65-97 yr, enrolled
in the New Mexico Aging Process study, serum testosterone was a major predictor of
muscle mass and strength (Baumgartner et al 1999b) and has also been found to predict
functional status (Morley 1999b). Furthermore, with the exception of an increased
hematocrit leading to polycythemia, there have been few side effects associated with
testosterone therapy in older persons (Morley 1997). Anabolic steroids have also been
successfully used to increase body weight in patients with AIDS and cancer cachexia
(Strawford et al 1999, Dobs et al 1999) and increase tissue healing after severe burns
(Demling 1999).

While specific medications may, therefore, be beneficial in stimulating appetite in
elderly persons with severe anorexia the extent of their benefit particularly in patients

with existing co-morbidities remains to be determined.

1.8 CONCLUSIONS

Increasing the quality of life and reducing morbidity in the older adult is becoming
increasingly important in our rapidly ageing society. Anorexia and the associated
weight loss and malnutrition are major causes of morbidity and mortality in the elderly.
The reduced function of the homeostatic mechanisms controlling energy intake and
body weight with ageing and the physiological anorexia of ageing, particularly when
combined with pathological anorexia can result in loss of weight and malnutrition in

older people. The causes of the physiological anorexia of ageing are, however, poorly
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understood. Investigation of some of the mechanisms that may potentially contribute to

the physiological anorexia of ageing are detailed in Chapters 8-14 of this thesis.
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2.1 INTRODUCTION

The regulation of appetite is extremely complex, and poorly understood, involving the
interaction of the components of the central feeding system (the cortex, limbic system
and midbrain), as well as inputs from peripheral organs that convey neural and
hormonal signals relating to taste and smell, gut sensation, adipose tissue mass, plasma
nutrient levels and endocrine function (Morley 1987) (Figure 2.1). It is the interplay
between these signals which monitors not only energy intake, but also the quality of
various foods, so that adequate quantities of macro- and micro-nutrients are ingested.
The purpose of this chapter is to review the central factors involved in the regulation of
appetite, with particular focus on what is known about the role of endogenous opioids,
as the latter issue was investigated in the study described in Chapter 10. The peripheral
mechanisms involved in the regulation of appetite are discussed in the following chapter
(Chapter 3).
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Figure 2.1: Model of appetite regulation
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2.2 THE CENTRAL CONTROL OF APPETITE

Central mechanisms play a major role in the short-term regulation of food intake
[reviewed in (Morley 1987, Kalra et al 1999)]. Much of the evidence relating to the
mechanisms involved in the central regulation of feeding comes from animal studies,
given the invasive nature of experiments, for example, intracerebroventricular injection
of neuropeptides to examine the neurotransmitter pathways involved in the stimulation
and inhibition of appetite. Such experimental manipulation of particular neural
pathways, even in animals, also may not yield the expected results, as there are
numerous redundancies in the complex pathways controlling feeding; ie certain neural
pathways or transmitters may act to compensate for a pathway or neuropeptide that has
been chemically or physically blocked. Furthermore, information about the
physiological role of most of the neuropeptides is limited due to the absence of specific
antagonists for them. Except where due reference is made the majority of evidence

discussed is extrapolated from animals experiments.

2.2.1 Anatomical regions

The hypothalamus is the primary area of the brain involved in the stimulation of
feeding, and acts as a transducer of multiple sensory inputs from other areas of the
brain, as well as the periphery (Morley 1987, Kalra et al 1999). Traditionally, it was
thought that separate centres within the brain controlled appetite and satiation; a feeding
centre in the ventrolateral hypothalamus was responsible for the initiation of eating and
a satiety centre in the ventromedial hypothalamus responsible for producing satiation
(Ballinger 1994). Evidence for this concept was derived from early studies in rats in
which lesions of the lateral hypothalamus caused aphagia, whereas electrical stimulation
of this area induced feeding and weight gain (Hetherington & Ranson 1942).
Subsequent studies demonstrated that electrical stimulation of the ventrolateral
hypothalamus not only increases feeding, but enhances various anabolic functions,
including insulin release, hepatic glucagon synthesis and gastric acid secretion (Powley
& Laughton 1981). In rats, lesions within the ventromedial hypothalamus induce
hyperphagia, and obesity (Hetherington & Ranson 1942), while electrical stimulation
of this region is associated with increases in various catabolic functions, including

glycogenolysis, and the release of glucagon (Powley & Laughton 1981).

This traditional concept of the central regulation of fe:.ading,7 is, however, now
recognised to represent an over-simplification. In particular, more recent studies have

demonstrated that other sites in the central nervous system can modulate appetite and
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feeding behaviour. For example, the importance of the paraventricular nucleus (PVN)
of the hypothalamus was established by the demonstration that the feeding response to
intraventricular injection of norepinephrine is attenuated after bilateral damage to the
PVN (Leibowitz et al 1983). Furthermore, the ventromedial hypothalamus is associated
with projections from the pontine-midbrain area (serotonergic raphe nuclei tract) and the
ventral noradrenergic bundle (Ungerstedt et al 1971), and the lateral hypothalamus is
associated with the dopaminergic nigrostriatal tract (Ungerstedt et al 1971, Fibiger et al
1973). The serotonergic raphe nuclei tract and dopaminergic nigrostriatal tract are
thought to be responsible for the integration of reward or pleasure stimuli associated
with food in the brain (Morley 1987). The role of the nucleus of the solitary tract in the
regulation of feeding was established by Hyde & Miselis (1983), who demonstrated
that destruction of the area postrema/caudal medial nucleus of the solitary tract caused
hypophagia and chronic weight loss in rats. The nucleus of the solitary tract may be
particularly important in the integration of vagally-mediated inputs from the tongue,
liver and gastrointestinal tract (Morley 1987).

A recent study in humans using the technique of functional magnetic resonance imaging
(fMRI) has provided further insights into the neural processes within particular regions
of the brain during food ingestion in vivo (Liu et al 2000). This study demonstrated that
there is a peak of neural activity within the supplementary motor area, somatosensory
cortex, cerebellum, anterior cingulate and orbitofrontal cortex within 2 minutes of
ingesting a glucose drink, suggesting that these regions may be involved in the
integration of sensory and visceral signals, as well as signals associated with appetite,
taste and olfaction (Liu et al 2000). A subsequent peak in neural activity occurs ~10
minutes after glucose ingestion and within the medial hypothalamus. The amplitude of
this peak is inversely related to the plasma insulin concentration, suggesting that there is
a dynamic interaction between the hypothalamic neural response and the peripherally

mediated biochemical signal ie. insulin, in response to glucose ingestion.

2.3 NEUROTRANSMITTERS

A large number of neurotransmitters within the brain and periphery mediate signals
involved in the regulation of food intake. They include the endogenous opioids (section
2.3.1), noradrenaline neuropeptide Y (NPY)(section 2.3.2) dopamine, melanin-
concentrating hormone, nitric oxide (NO)(section 2.3.2), the orexins, galanin and,

possibly, ghrelin (3.6.7) and the anorexigenic or inhibitory effects of corticotropin-
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releasing factor, serotonin, cholecystokinin (CCK)(Chapter 3.6.1) and, possibly,
insulin (Chapter 3.6.2) (Morley et al 1983, McHugh & Moran 1986, Morley 1987,
Heinrichs et al 1993, Schick et al 1993, Dube et al 1994). Table 2.1 summarises the
excitatory and inhibitory effects on food intake of many of the known centrally located
neurotransmitters. A detailed discussion of the role of each of these neurotransmitters is
beyond the scope of this thesis [for review see (Morley 1987, Kalra et al 1999)]. Many
of these neurotransmitters have both central and peripheral actions. For example, the
gut peptides CCK, glucagon-like peptide-1 (GLP-1), glucose-dependent insulino-
trophic polypeptide (GIP), peptide YY (PYY), amylin and the recently identified
peptide ghrelin, which are secreted within the gastrointestinal tract and influence
gastrointestinal motor and sensory function, also affect appetite when administered
centrally. The role of these gut peptides in the regulation of food intake is discussed in
more detail in Chapter 3.6. The following discussion is limited to the endogenous
opioid feeding system, and a brief discussion of some of the other important

neurotransmitters, including, neuropeptide Y, nitric oxide and leptin.

Table 2.1  Neurotransmitters implicated in the central regulation of food intake.

T Food Intake ! Food Intake
Endogenous opioids* CRF/urocortin*/sauvagine
Neuropeptide Y GI peptides-CCK*/GLP-1*
Melanin-concentrating hormone Insulin*/IGF-1
Galanin Glucagon
GHRH Neurotensin
Orexins Isatin
Oxytocin Dopamine
Nitric oxide* Oestrogen
Peptide YY (PYY)* o-melanocortin stimulating-hormone
Norepinephrine Neuromedin
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Table 2.1 cont.

T Food Intake ! Food Intake
Dopamine Oxytocin (short term)
Motilin Leptin*

Histamine Serotonin*
Thyroid hormone Isatin
Testosterone Exendin*
cytokines Bombesin*/GRP
ghrelin* Amylin/CGRP

* indicates both central and peripheral effects

2.3.1 Endogenous opioids

Endogenous opioids play a role in mediating the short-term sensory reward response to
food (Gosnell et al 1983, Morley 1987). Opioids are believed to act directly on the
hypothalamus, amygdala and nucleus accumbens to enhance appetite, food intake and
fluid intake (Morley 1987, Levine et al 1985). Elevated levels of the endogenous
opioid, B-endorphin, have been found in the pituitary of genetically obese rats and mice
and in the plasma of genetically obese rats (Margules et al 1978). Other neurochemicals
such as neuropeptide-Y (section 2.3.3) (Rudski et al 1996, Motley et al 1983) and
dopamine (Morley et al 1983) are thought to interact with endogenous opioids to
modulate feeding behaviour. Endogenous opioids are also involved in the control of
other physiological processes, such as pain perception, reproductive function,

thermoregulation, thirst and immune function (Morley 1987).

The major endogenous opioid involved in stimulating feeding is believed to be the
kappa (k) opioid receptor ligand, dynorphin (Cooper et al 1985a, Levine et al 1985,
Papadouka & Carr 1994). There is evidence, however, that the opioid receptor
subtypes: delta (8) (Gosnell et al 1986) and mu () (Levine et al 1987) and the ORL1
(Opioid Receptor like 1) receptor, with its recently identified endogenous ligand,
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nociceptin or orphanin FQ (structurally-related to the endogenous opioid dynorphin A)
(Meunier 1997, Stratford et al 1997), are also involved in the control of food intake.
Microinjections of nociceptin into either the ventromedial hypothalamus or nucleus
accumbens increases food intake in rats (Stratford et al 1997). Other studies have
demonstrated effects of opioid agonists on food intake in both animals (Tepperman &
Hirst 1983, Morley et al 1983, Giraudo et al 1993, Baile et al 1984). For example,
Gosnell et al (1986) showed that intracerebroventricular injections of dynorphin 1-17,
[D-ala2MePhe4,-Gly-ol5], enkephalin (DAMGO) and [Dser2, leu5] enkephalin-thr6
(DSLET), which are selective agonists at x, p and § opioid receptors, respectively, at

doses in the 3-10 nmol range stimulate food intake in non-deprived rats by up to 38%.

Studies in humans have reported that plasma and cerebrospinal fluid levels of B-
endorphin are increased in obese individuals (Atkinson 1987) and there are also data
indicating that plasma levels of endogenous opiate alkaloids may be elevated in patients
with anorexia and bulimia nervosa (Marrazzi et al 1997). In addition, Morley et al
(1985) found that intravenous infusion of butorphonal tartrate (predominantly a x
receptor agonist) increased food intake by 46%, in young, normal-weight, adult

humans.

Possibly, the most convincing evidence for the role of endogenous opioids in
stimulating food intake is derived from studies that have used opioid antagonists. These
antagonists are thought to act centrally by blocking specific opiate receptors,
influencing other neurotransmitter systems and modifying neuroendocrine activity (de
Zwaan & Mitchell 1992). Peripheral administration of the opioid antagonist naloxone,
which predominantly acts on p and § receptors and weakly at the x opioid receptor,
reduces food intake in a variety of animals including tigers, wolves, slugs and rodents,
following food-deprivation [for review see (Morley et al 1983)]. Furthermore, a
number of studies have shown that opioid antagonists suppress feeding induced by
administration of opioid agonists [for review see (Morley et al 1983)]. For example,
Giraudo et al (1998) found in the rat that feeding induced by the opioid agonist
DAMGO was blocked by administration of naltrexone (multiple receptor antagonist)

into the central nucleus of the amygdala and paraventricular nucleus.
A number of studies have also demonstrated the suppressive effects of various opioid

antagonists on food intake in humans (Drewnowski et al 1995)[for review see (de
Zwaan & Mitchell 1992)]. For example, Trenchard et al (1983) reported a dose-
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dependent suppression of cumulative food intake following an intravenous (iv) bolus
injection of naloxone compared with a placebo injection in 12 young normal weight
subjects (6 men and 6 women); naloxone at a dose of 0.8 mg failed to reduce food
intake whereas a dose of 1.6 mg reduced food intake from an automated dispenser by
approximately 25%. Cohen et al (1985) found that an iv bolus injection of naloxone in
a dose of 2 mg/kg reduced food intake from meals given 2.75 and 7.75 hours after
drug administration in 7 (5 men and 2 women) normal subjects by approximately 28%
(Figure 2.2). In both of these studies, however, there was no significant effect of the
antagonist on subjective feelings of hunger or fullness (Cohen et al 1985; Trenchard et
al 1983). Other antagonists such as naltrexone (2.5 mg) (Bertino et al 1991) and
nalmefene (50 mg)(predominantly § and k receptor antagonist) (Yeomans et al 1990),
given as a single oral dose, also reduce food intake by 20-30% (Bertino et al 1991,
Yeomans et al 1990).
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Figure 2.2: Mean energy intake (kJ) during lunch and dinner (combined) 2.75 hr and
7.75 hrrespectively, after iv saline or naloxone (2mg/kg) bolus infusion in fasted
healthy young (19-51 yr) subjects (Cohen et al 1985). *P <0.02 vs control.
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A few studies have investigated the effects of opioid antagonists on food intake in
subjects other than young healthy adults. The responses of obese subjects to
intravenous naloxone infusions appears to be comparable to adults of normal weight,
although the data are somewhat inconsistent [for review see (de Zwaan & Mitchell
1992)]. For example, Atkinson et al (1982) evaluated the effects of naloxone (2 mg and
15 mg iv) on food intake in 14 obese and 5 lean young subjects. They were able to
demonstrate a reduction in food intake of 29% during the higher dose naloxone
compared to lower dose naloxone and control infusion in the obese subjects, but failed
to show any reduction in food intake with naloxone in the lean subjects (Atkinson et al
1982). In contrast, Malcolm et al (1985) and Mitchell et al (1987) reported in young
obese subjects that the amount of weight lost during oral administration of naltrexone,
at doses of 200 mg/day and 300 mg/day for 8 weeks, respectively, was similar to that
observed after placebo. Atkinson et al (1985), however, reported that weight loss was
greater during oral administration of naltrexone in a dose of 50 mg/kg for 8 weeks
compared to the placebo in female, but not male obese subjects. Food intake was not
assessed during any of these studies. The suppressive effects of opioid antagonists on
food intake have also been shown in patients with Prader-Willi Syndrome (Kyriakides
et al 1980), as well as patients with bulimia nervosa (Mitchell et al 1986) [for review
see (de Zwaan & Mitchell 1992)]. Most studies have evaluated either all men or all
women, and with the exception of the study by Atkinson et al (1985) when both male
and female subjects were included, the potential effect of gender on the impact of opioid
antagonism on food intake was no evaluated. The effect of gender, if any, on the
response to opioid antagonism is, therefore, uncertain. This issue is investigated in
Chapter 10.

As well as stimulating food intake, opioid peptides have also been implicated in the
modulation of food choice and the hedonic responses to food (Giraudo et al 1993,
Cooper et al 1985b, Drewnowski et al 1995, Drewnowski et al 1992). It has been
proposed that they increase the intake of high fat, high sugar foods preferentially
(Gosnell et al 1983, Morley 1987). The suppression of food intake by naloxone
appears to be enhanced when animals are offered a more palatable (Rudski et al 1997,
Shabir et al 1999) or preferred (Glass et al 1996, Hope et al 1997) diet. For example, in
the marsupial Sminthopsis crassicaudata, suppression of food intake induced by
intraperitoneal injection of naloxone predominantly resulted from suppression of the
intake of the animal’s preferred diet of mealworms, rather than the less preferred,

laboratory diet (Hope et al 1997). Furthermore, in non-deprived rats consumption of
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highly palatable foods results in a substantial fall in the amount of -endorphin and an
increase in opioid binding within the hypothalamus (Dum et al 1983).

Previous studies of the effects of opioid antagonists on food choice in humans have,
however, yielded inconsistent results (Drewnowski et al 1992, Yeomans et al 1997,
Arbisi et al 1999, Cohen et al 1985). Yeomans et al (1997) found that oral naltrexone
(50 mg) acutely decreased the amount of energy consumed of a meal of pasta with
either a high-fat cheese sauce or low-fat tomato-based sauce by approximately 14 and
23 %, respectively, in healthy young men. The reduction in energy intake was
associated with greater reductions in the rated pleasantness of both foods and an overall
reduction in eating rate. Drewnowski et al (1992) reported that preferences for high
fat/high carbohydrate foods were decreased during naloxone infusion in both binge-
eating (n= 20) and non binge-eating (n= 21) women, but that the carbohydrate, protein
and fat content of food eaten at a test meal was reduced only in the binge-eaters. In
contrast, Cohen et al (1985) studied 7 (5 male and 2 female) young healthy adults and
reported that naloxone reduced the intake of foods high in fat and protein by
approximately 34% compared to the saline infusion, but had no effect on intake of
foods high in carbohydrate (Figure 2.3). Arbisi et al (1999) reported that oral
naltrexone (50 mg) decreased the attractiveness of sweet, but not salty, bitter or sour
tastes, in 18 healthy women. The effect of opioid antagonism on the palatability of
foods is evaluated in Chapter 10.
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Figure 2.3: Macronutrient content (g) of food consumed at lunch and dinner
(combined) 2.75 hr and 7.75 hr, respectively, after iv saline or naloxone (2mg/kg) bolus
infusion in fasted 7 normal subjects (Cohen et al 1985) *P<0.02 vs control; **P <0.05vs
control
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There is evidence that opioid activity is altered with ageing and that this may play a role
in disordered appetite regulation. This issue is addressed in more detail in Chapter
4.2.1 and further investigated in Chapter 10.

2.3.2 Nitric oxide (NO)

Nitric oxide is a-short-lived gas produced endogenously by the action of endothelial,
neuronal and inducible nitric oxide synthase (NOS) on the amino acid L-arginine. The
production of NO is widespread and its numerous, often powerful, physiological
effects have been the subject of considerable recent research. Data in animals strongly
support a role for nitric oxide as a modulator of the effects of a number of
neurotransmitters including leptin (section 2.3.4) (Morley et al 1999a, Calapai et al
1998) and neuropeptide Y (section 2.3.3)(NPY) (Morley et al 1999a) involved in the
control of feeding. Various L-arginine analogues act as competitive inhibitors of nitric
oxide synthase (NOS) and have been used to study the effects of endogenous NO; their
administration is associated with reductions in short-term food intake in rats (Squadrito
et al 1993), chickens (Choi et al 1994) and the marsupial, Sminthopsis crassicaudata
(Vozzo et al 1999b) and weight loss in mice (Morley & Flood 1992). Lean, but not
genetically obese, rodents develop tolerance to the anorectic effects of NOS inhibitors
(Squadrito et al 1993, Morley & Flood 1994a) and in the obese ob/ob mouse NOS and
NOS mRNA levels are elevated in the hypothalamus. Consequently, it has been
hypothesised that NO stimulates feeding and that obesity may be associated with
increased NO tone. NO is also found widely in the gut where it appears to have an
important role in the regulation of fundal relaxation after a meal (see Chapter 3.3.1) as
well as gastric motility (see Chapter 3.5.2), which may in turn influence food intake.

The impact of age on NO activity is discussed in Chapter 4.2.2.

2.3.3 Neuropeptide Y

Neuropeptide Y (NPY) is a 36 amino acid peptide hormone which is a potent stimulus
of food intake. NPY is synthesised in the peripheral nervous system and widely in the
brain, particularly in the neurons of the arcuate nucleus. Injection of NPY into the PVN
increases food intake in a number of animals (Morley et al 1987). In the rat, fasting
increases production of NPY in the arcuate nucleus, and release in the PVN, but not in
other hypothalamic areas. These changes are reversed by refeeding and may represent
an important mechanism in the hyperphagia that initially accompanies refeeding after
fasting. The effects of NPY and also leptin (section 2.3.4) may be secondary to
increased NO (section 2.3.2) turnover (Morley et al 1999a, Calapai et al 1999).
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Despite apparently compelling evidence that NPY stimulates feeding, somewhat
surprisingly, NPY knockout mice are relatively normal (Hollopeter et al 1998). These
knockout mice eat normally, are not underweight and have normal thyrotropic,
gonadotropic and corticotropic axes (Erickson et al 1997). They are, however, twice as
sensitive as wild type mice to the satiating effects of leptin (Hollopeter et al 1998), and
reduced NPY activity partially ameliorates the obesity and endocrine abnormalities of
leptin deficiency in ob/ob mice (Palmiter et al 1998). Genetic leptin deficiency also
increases NPY gene transcription in the arcuate nucleus. These observations indicate
that the actions of NPY and leptin are closely related, so that each inhibits the action of
the other. There is also evidence that the interaction of NPY with insulin (Chapter
3.6.2) (Schwartz et al 1992) and the melanocortin system (Kask et al 1998) may be
important in the central control of feeding. The effects of ageing on NPY activity are
discussed in Chapter 4.2.2, in relation to its potential role in the physiological anorexia

of ageing.

2.3.4 Leptin

Leptin is a recently discovered peptide hormone which is produced predominantly in
adipose tissue so that its blood concentrations are directly related to the size of fat stores
[for review see (Kalra et al 1999)]. Leptin acts mainly in the hypothalamus to inhibit
feeding. Numerous studies have shown that both central and peripheral administration
of leptin decreases food intake in rodents [for review see (Kalra et al 1999)].
Congenitally leptin deficient, ob/ob, mice are obese due to a combination of increased
food intake and reduced energy expenditure (Halaas et al 1995, Pelleymounter et al
1995). Administration of leptin, reverses these effects, as well as the infertility and
other hormonal defects associated with this condition (Mounzih et al 1997).

Studies in humans have demonstrated that fasting (Maffei et al 1995) decreases leptin
secretion, whereas overfeeding (Kolaczynski et al 1996) enhances its secretion.
Congenital leptin deficiency has been identified as a very rare cause of morbid obesity
in humans, associated with hyperphagia and infertility, but not, apparently, reduced
energy expenditure (Montague et al 1997). Leptin treatment produces substantial weight
loss in these people (Farooqi et al 1999). Most obese people, however, have elevated
circulating leptin concentrations, consistent with their increased fat mass. Indeed,
“leptin resistance” is probably a feature of most human obesity and the administration

of leptin to obese people appears to result in only minor weight loss (Heymsfield et al

53



Regulation of Appetite - Central Mechanisms Chapter 2

1999). Leptin treatment may, however, be effective after weight loss in helping prevent

fat re-accumulation.

Leptin interacts with a number of other neurotransmitters including NPY (section
2.3.2) and GLP-1 (Chapter 3.6.3). There is evidence from a study in rats that leptin is
also present in the stomach, and that feeding and exogenous administration of CCK-8
both decrease leptin cell immunoreactivity and leptin content of the fundic epithelium,
with a concomitant increase in plasma leptin concentrations (Bado et al 1998). These
observations indicate that gastric leptin may be involved in mediating the effects of
CCK on satiety (Bado et al 1998). Furthermore, Matson et al (1997) have shown that
intraperitoneal administration of both leptin and CCK reduces total daily energy intake
significantly more than either given independently, suggesting that leptin and CCK may
synergistically interact to control food intake at least in the long-term. The effect of
exogenous CCK on plasma levels of leptin in humans is not known. This issue is

investigated in Chapter 10.

2.4 CONCLUSIONS

The central modulation of feeding involves an intricate network of neural pathways
which act to stimulate feeding. Important components of this are endogenous opioids
and the neuropeptide Y feeding system. Alterations in the activity (ie. concentrations,
receptor binding affinity or sensitivity) of particular central neurotransmitters may
potentially contribute to the age-related reduction in appetite and food intake. Current
knowledge, much of which is derived from animal studies, about some of the possible
central factors which may contribute to the physiological anorexia of ageing, are
discussed in Chapter 4.2. A study designed to determine whether ageing is associated
with a reduced opioid feeding drive is detailed in Chapter 10.
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CHAPTER 3

Role of Peripheral Mechanisms in the Regulation of Appetite
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3.1 INTRODUCTION

The peripheral satiety system is driven largely by signals from the gastrointestinal tract.
These signals are thought to be mediated by both neural and humoral mechanisms. The
purpose of this chapter is to review information relating to the gastrointestinal
mechanisms involved in the short-term control of feeding, including the role of
oropharyngeal and intragastric sensation, gastric emptying, small intestinal nutrient
mediated feedback and gut peptides evidence derived from studies in both animals and
in healthy young adult humans. The role of absorbed nutrients (amino acids,
monosaccharides and fatty acids) in the short-term control of appetite is also discussed.
The effects of ageing on the peripheral mechanisms involved in the control of appetite
are discussed in Chapter 4.3 in relation to their potential role in the physiological

anorexia of ageing.

There are a number of gastrointestinal mechanisms which optimise the relationship
between food ingestion with the delivery, digestion and absorption of nutrients.
Nutrients interact with the gastrointestinal tract along its length and it is the summation
of these interactions which contributes to the termination of a meal. In considering the
relative contribution of the different regions of the proximal gut (mouth ie.
oropharyngeal sensory function, stomach ie. gastric motility and gastric emptying and
small intestine) in the regulation of satiation each these of regions will be discussed

separately.

3.2 OROPHARYNGEAL SENSORY FUNCTION

The presence of food in the mouth influences both the amount of food consumed and
food selection (Rolls et al 1982). Studies in animals suggest that oro-sensory
mechanisms do not per se induce satiety or contribute to the termination of a meal
(Koopmans et al 1981). For example, dogs equipped with oesophageal fistulae,
through which ingested food drains without entering the stomach (“sham feeding”), eat

continuously until exhausted (Janowitz & Grossman 1949). However, when “sham
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feeding” is combined with the direct infusion of nutrients into either the stomach
(Berkun et al 1952, Janowitz & Grossman 1949) or small intestine (Antin et al 1977),
food intake is suppressed. These findings suggest that orosensory stimulation
magnifies the satiating effects of intragastric and intestinal nutrients (see sections 3.4
and 3.5). Consistent with this, a recent study in young healthy humans showed that
oral ingestion of 425 ml tomato soup (1673 kJ) suppressed hunger and increased
fullness to a greater extent than intragastric or intraduodenal administration (Cecil et al
1998). Furthermore, in that study gastric emptying of soup was slower after oral
ingestion when compared to intragastric (either covert or overt) infusions (Cecil et al
1998), indicating that the presence of food in the mouth and/ or swallowing may
enhance gastrointestinal satiety mechanisms by slowing gastric emptying. This concept
is supported by animal studies. In rats gastric emptying of fat is faster following
intragastric infusion when compared to oral ingestion (Kaplan et al 1997, Ramirez
1985). In sham fed rats oropharyngeal stimulation enhances the effect of exogenous
administration of cholecystokinin (CCK) on satiety (Forsyth et al 1985). There is also
evidence, in both animals (Ramirez 1985) and humans (Mattes 1996), that oral
stimulation may influence the metabolism of ingested nutrients, which in turn may
influence satiety. For example, Mattes (1996) demonstrated that the postprandial
metabolism of fat (50 g safflower oil) is accelerated by concurrent oron