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ABSTRACT

About 750 000 people suffer from dementia in the United Kingdom. This number
is rising as the proportion of those over 65 years old increases. Excessive eating
(hyperphagia) occurs at some stage in about 25% of people suffering from dementia.
This can lead to consumption of unsuitable substances and a significant gain in
weight, which may make care at home impossible. Until now, reports of hyperphagia
have been purely anecdotal. The aims of this thesis were to develop objective
methods for the definition and measurement of hyperphagia and to use these as a
basis for examining the phenomenon of hyperphagia in detail.

Two standardised and reliable methods for quantifying hyperphagia were developed
and compared. Results showed that people with hyperphagia ate, on average, more
than three times the quantity of food eaten by matched controls during test meals.
The hyperphagic group were compared, in a series of experiments, with two control
groups - subjects with dementia who were not hyperphagic and normal elderly. The
food choice of the hyperphagic group differed significantly from normal elderly: they
chose less protein and low-energy foods and ate more sweet food. The changes in
food choice seem to be a more severe form of the changes which occur during the
dementing process. Examining the microstructure of eating showed that the
mechanisms controlling both the onset and cessation of feeding are abnormal. Satiety
was examined by giving subjects and controls two preload drinks of different energy
content and examining the effect on subsequent food intake. Compensation for the
preload was found to be weaker in normal elderly controls and both dementia groups
when compared with young controls.

Although people with hyperphagia show significantly more patterns of stereotyped
behaviour than matched demented controls the prolonged period of eating does not
secem to be due to a stereotypy but to a delay in the satiation mechanism.
Hyperphagia typically occurs in the middle stages of the dementing illness and lasts
for a mean of about three years. These studies demonstrated that subjects with
dementia who are hyperphagic have a major disturbance in the mechanisms
controlling satiation, hunger, food choice and satiety.
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SECTION1 INTRODUCTION

This thesis describes a series of studies into the phenomenon of excessive eating

(‘hyperphagia’) in people with dementia. This phenomenon is both important

clinically and interesting theoretically. In this introduction I will:

a) give a brief overview of dementia and its causes;

(b) review methods of studying behavioural problems in dementia;

(©) review what is currently known of eating problems in dementia with particular
emphasis on hyperphagia;

(d)  discuss hyperphagia within other clinical settings;

(e) review theories of the control of eating and

3] discuss possible causes of hyperphagia in dementia.



Chapter 1 DEMENTIA AND ITS CAUSES

DEFINITION

‘Dementia’ is a clinical syndrome which is characterised by global deterioration of

intellect, occurring in clear consciousness (Folstein ef al., 1975).

In the International Classification of Disease [ICD-10] (World Health Organisation,
1992), dementia is defined as ‘a syndrome due to disease of the brain, usually of a
chronic or progressive nature, in which there is disturbance of multiple higher cortical
functions, including memory, thinking, orientation, comprehension, calculation,
learning capacity, language and judgement. Consciousness is not clouded.” The

‘decline in both memory and thinking is sufficient to impair activities of daily living’.

In the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition [DSM-
IV] (American Psychiatric Association, 1994) the essential feature of dementia is the
development of multiple cognitive deficits which include memory impairment and at
least one of the following cognitive disturbances - aphasia, apraxia, agnosia, or a
disturbance in executive functioning. The cognitive deficits must be sufficiently
severe to cause impairment in occupational or social functioning and must represent
a decline from a previously higher level of functioning. The criteria are very similar
to those of ICD-10, i.e. the loss of short and long-term memory, and at least one of

the following: impairment in abstract thinking, impaired judgement and disturbance
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of higher cortical function or personality change. These changes usually interfere
with daily living and they are not due to delirium or any apparent organic or mental

disorder.

The two most common causes of dementia are Alzheimer’s disease (AD) and vascular
dementia (which includes multi-infarct dementia). Both ICD-10 and DSM-IV
characterise Alzheimer’s disease by a gradual onset and progressive deterioration with
no evidence of other systemic or brain disease. Vascular dementia typically shows
an abrupt onset followed by a step-wise and fluctuating deterioration with evidence
of focal neurological signs and symptoms as well as evidence of cerebrovascular
disease. Insight and judgement may be relatively well-preserved. Deterioration of
intellectual, emotional and motivational behaviour in dementia can be assessed using
the Cambridge Examination for Mental Disorder in the Elderly [CAMDEX] (Roth et
al., 1986). Criteria specifically for diagnosing AD are found in the Criteria of
Neurological and Communicative Disorders and Stroke and the Alzheimer’s Disease
and Related Disorders Association in the USA - [NINCDS-ADRDA Criteria]
(McKhann et al., 1984). The Hachinski Scale (Hachinski et al., 1975) is often used

to diagnose vascular dementia (see Chapter 8).

PREVALENCE

Dementia mainly affects the elderly although it occasionally develops in those under
65. Estimates of prevalence vary; this is probably mainly because of variation in the
methods used to detect dementia (Copeland, 1994). However, when the same

methods of detection are used, there is evidence that prevalence varies geographically.



Copeland et al., (1987) used the computerised diagnostic algorithm AGECAT in
conjunction with standard diagnostic interviews and found nearly twice the proportion

of people with dementia in New York as in London (8.4% and 4.3% respectively).

Jorm et al., (1987) concluded that, over the age of 60, prevalence roughly doubles
for every five years of life. The overall rate of dementia in people aged over 65 has
variously been estimated at between 4% and 7%, and in people over 75 at 10%. In
Russia and Japan, vascular dementia may be the most prevalent form of dementia
(Copeland, 1994) but elsewhere, including Britain, AD is the most common cause.
A major problem is that clinical assessment is not a robust way of distinguishing the
cause of dementia and, although post-mortem diagnoses are more accurate, the group
of people who receive post-mortem examination is probably not representative of the
population as a whole. Post-mortem results show that vascular dementia can occur
either separately or in combination with Alzheimer’s disease and that there is a
greater incidence of Alzheimer’s disease in women but more vascular dementia in
men. Growing evidence demonstrates that many cases of dementia may be wholly
or partly associated with Lewy Body disease. There are many other less common
causes of dementia, some treatable and some irreversible. There is much controversy
over the question of whether dementia in general, and Alzheimer’s disease in
particular, is part of a complex continuum of age-related decline, or a disease (or

series of diseases) quite separate from normal ageing (Huppert & Brayne, 1994).

In both AD and vascular dementia there is a progressive loss of cognitive function.

Usually the first symptom which is noticed is impairment of short-term memory. In



later stages there is a progressive loss of long-term memory, agnosia, apraxia and

ataxia. These changes are often accompanied by changes in behaviour.

MAIN CAUSES OF DEMENTIA

Alzheimer’s Disease

Alzheimer’s disease is defined using a combination of clinical and pathological
criteria. The clinical features are global deterioration of mental functioning (i.e. the
defining features of dementia described above) and the pathological part of the
definition describes the histological changes. Both the clinical and pathological
criteria are necessary for a definitive diagnosis of AD to be made. The pathological
changes are neuronal loss, large numbers of neuritic plaques, neocortical
neurofibrillary tangles and amyloid deposits. Neurofibrillary tangles are found in
small numbers in normal ageing brains but in AD the quantity of paired helical
filaments in the tangles, and also the number of plaques, has been correlated with the
degree of the dementia. There are other biochemical changes such as the general
reduction of many neurotransmitters, notably acetylcholine (Sims et al., 1980; Hardy
et al., 1985; McDonald & Nemeroff, 1991). None of these pathological and
biochemical features are unique to AD; they are also found - generally to a lesser
degree - in the normal elderly. The most commonly used pathological criteria
therefore define thresholds for the concentration of pathological features and use the
density of plaques and tangles in the definition. Khachaturian (1985) measured the
mean number of plaques to make a diagnosis whereas Tierney et al. (1988) defined

AD by the concentration of both plaques and tangles in the neocortex.



There is a wide variability between individuals but in general the more severe the
dementia (both cognitive and pathological changes) the greater is the biochemical, and
especially the cholinergic, deficit. Many of the changes in behaviour, in particular

hyperphagia, may be the result of the decrease in specific neurotransmitters.

Vascular dementia [Multi-infarct dementia (MID) or Multiple cerebral infarction]
Patients with cerebrovascular disease who are demented usually have widely
distributed areas of cerebral infarction on both sides of the cerebrum, especially in
the frontal, occipital and basal regions. Usually a total volume of more than 100 ml
of affected area has been regarded as resulting in dementia but, in some specific

locations, much smaller areas of infarct can cause dementia (Mackenzie, 1994).

Mixed AD/vascular dementia

At post-mortem examination, many cases of dementia show signs of both vascular

dementia and AD.

With increasingly sophisticated techniques, two new causes of dementia have been

categorised, frontal lobe dementia and Lewy body disease.

Frontal lobe dementia

This dementia differs from AD in not having many plaques and tangles but there is
great neuronal loss in the frontal lobes. This resembles Pick’s disease but there are
no ‘Pick bodies’, which are taken as a necessary defining characteristic of Pick’s

disease.
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Lewy body disease

There has been increasing interest in dementia caused by a large number of Lewy
bodies in the cortex; severity being correlated with cortical Lewy body density.
Lewy bodies, traditionally used in defining Parkinson’s disease, are abnormal
intracellular inclusions, found either singly or in clusters, and they have a dense
laminated core with a radiating fibrillary corona. They react to immuno-staining with
the antibody to ubiquitin (Esiri, 1991). There seems to be at least two forms of the
disease: diffuse cortical Lewy-body disease, which gives a clinical picture similar to
AD, and senile dementia of the Lewy-body type, which resembles vascular dementia
clinically but there is no vascular pathology. There appears to be a spectrum of Lewy
body disorders with diffuse cortical Lewy body disease at one extreme and idiopathic
Parkinson’s disease, where Lewy bodies are mainly in the brain stem, at the opposite

end of the continuum.

Dementia in Parkinson’s disease

About 20% (estimates vary from 14% to 40%) of people with Parkinson’s disease
develop dementia during the course of the illness. It is most common in older

patients.

Some of the rarer dementias

There are a number of rare causes of dementia, including:

Creutzfeldt-Jacob disease - This is one of the spongiform encephalopathies which

is transmitted by an agent similar to the scrapie ‘prion’.
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Pick’s disease - This is mainly characterised by atrophy of the frontal and temporal
lobes and defined pathologically by ‘Pick bodies’. These are rounded, argyrophilic
structures in the cytoplasm of neurones consisting of a variable collection of straight

and paired helical filaments.

Huntington’s disease - This is a neurodegenerative disease characterised by move-

ment disorder and dementia. It is inherited, usually, as an autosomal dominant trait.

Secondary to other brain lesions - Dementia can be a side-effect of trauma after
head injury, for example subdural haematoma or dementia pugilistica developed by

boxers. Brain tumours may be associated with dementia.

Toxins - Many toxic substances such as heavy metals, alcohol and drugs can be
responsible for dementia. In kidney patients dementia has also been induced by long-

term dialysis (possibly through toxic effects of aluminium).

Secondary to transmissible diseases - AIDS victims may develop dementia and, in

the past, dementia following syphilis was widespread (general paresis).

Treatable dementias - Reversible causes of dementia can result from metabolic
disorders such as hypothyroidism and vitamin B,, deficiency. Dementia caused by
normal pressure hydrocephalus can often be improved with a shunt. ‘Pseudo-
dementia’ is a term used when the symptoms of dementia are due to depressive

illness.
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Chapter 2 BEHAVIOURAL PROBLEMS IN DEMENTIA

Although cognitive impairment is a diagnostic feature of dementia it is often the
behavioural problems which cause difficulties, both for the people themselves and
their carers, and lead to their admission into institutional care (Margo et al. 1980).
In this chapter I will first give examples of some of the behavioural problems; then
I will discuss the various methods which have been used to study the behaviour of
people with dementia; finally I will give a brief review of methods which have been
used for studying eating behaviour in humans and consider their value in studying

eating behaviour in people with dementia.

The prevalence and natural history of these changes has been investigated in depth in
a longitudinal study of behavioural changes in dementia carried out by Tony Hope
and colleagues at the University Department of Psychiatry at Oxford. A cohort of
104 people with dementia have been followed at four-monthly intervals. My own
interest in overeating in dementia originates from having been a research assistant in
this study. By means of a comprehensive, semi-structured interview with carers, the
time sequence and progression of these changes has been studied throughout the
course of the illness. The data from this study are currently being analysed. The
loss of short-term memory in the initial stages is often accompanied by anxiety and
depression (Burns et al., 1990a). As the illness progresses, the main behavioural
changes which affect everyday life, of both the people with dementia and their carers,

are various types of aggressive behaviour (Reisburg er al., 1987; Ryden, 1988;
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Swearer et al., 1988; Ware et al., 1990; Beck et al., 1991), loss of diurnal rhythm
(Sanford, 1975; Cohen-Mansfield et al., 1990), eating changes (Morris et al., 1989)
and the various forms of wandering (Hope & Fairburn, 1990). Other changes which
cause difficulties are incontinence, screaming and shouting, coprophagia (Ghaziuddin
& McDonald, 1985), hoarding and hiding objects. These exhausting and disruptive
types of behaviour eventually give way to increasing immobility, apathy, and
eventually, if the disease runs its full course, to the loss of vital reflexes such as those

concerned with swallowing.

It is often behaviour changes, particularly wandering, aggressive behaviour,
incontinence and loss of diurnal rhythm, which lead to the carer being unable to cope
at home, single-handed, and the person with dementia being taken into institutional

care (Margo et al., 1980).

‘EXCESS’ BEHAVIOUR

Many of the behaviour changes, in the middle stages of the disease, involve ‘excess’
behaviour. Excess behaviour may be an exaggerated form of previous characteristics,
for example an active person may become hyperactive, an irritable person may
become prone to violent and uncharacteristic outbursts of aggressive behaviour (Patel
& Hope, 1992a; Hope & Patel, 1993) or the change may be a new, uncharacteristic
trait such as marked overeating, excessive walking (Hope & Fairburn, 1990; Hope
et al., 1994), repeated questioning, stereotypy (repetitive patterns of behaviour) and
sometimes inappropriate sexual behaviour. This is in contrast to the reduced

behaviour, characteristic of the terminal stages, when the person becomes immobile,
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eats very little, does not show any emotion and is unable to speak.

There is evidence both from human and animal research that some of these types of
behaviour are associated with reduced levels of neurotransmitters, especially
monoamines such as 5-HT (5-hydroxytryptamine or serotonin) and noradrenaline.
For example, a disturbance in 5-HT and its metabolites has been found consistently
in people showing depression (Goodwin & Post, 1983; Coccaro et al., 1989; Cowen
& Anderson, 1991; Price et al., 1991). Cowen (1993) suggests that depressive illness
is caused by decreased 5-HT release rather than altered sensitivity of postsynaptic
receptors. Disturbed 5-HT function is also linked with sleep disorders, anxiety,
suicidal behaviour, a history of aggressive and impulsive behaviour (van Praag,
1991), Gilles de la Tourette syndrome (Cohen et al, 1979), obsessive compulsive
disorder (Fineberg & Montgomery, 1990) and, sometimes, in increased motor activity
(Donnelly et al., 1989). Deficiency of 5-HT is also found in eating disorders such
as bulimia nervosa, as well as during food-craving conditions such as pre-menstrual
syndrome (Rogers er al., 1992), carbohydrate-craving obesity (Wurtman, 1988a) and
seasonal affective disorder (Wirz-Justice & Richter, 1979; Kriuchi & Wirz-Justice,
1988; Wurtman & Wurtman, 1989). The relationships between measures of
neurotransmitter function and abnormalities of eating will be discussed in greater

detail below.

Neurochemical studies of AD show a general reduction in a variety of
neurotransmitters although there is a wide variation in the extent of this lowering

between individuals. There is a progressive loss of cholinergic activities, both in the
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cortex and the sub-cortical areas, in normal ageing but a more marked deficit in AD.
The decrease in choline acetyltransferase is correlated with the degree of dementia,
decreased acetylcholinesterase degradation and fewer receptors, particularly the
nicotinic receptors (Perry et al., 1994). Noradrenaline, 5-HT, dopamine, GABA and
somatostatin have been reported to be reduced in AD (Hardy et al., 1985; Cross,
1990; Nazerali & Reynolds, 1992; Kopelman, 1993). It is interesting to speculate
that reduced levels of monoamine transmitters may underlie some of the behavioural
abnormalities such as the aggressive behaviour seen in AD. There is evidence that
low levels of monoamine neurotransmitters may account for wandering behaviour in
dementia (Hope et al., 1991b) and low noradrenaline and 5-HT may be responsible

for increase in major depression in primary dementia (Zubenko et al., 1990).

METHODS OF STUDYING BEHAVIOURAL PROBLEMS IN
DEMENTIA

Most studies into behaviour changes in dementia lack precision, validity and
reliability as they are descriptive and have involved only a small number of cases.
Recently a range of instruments has been developed to rate behaviour more

accurately. These have been divided into four groups (Hope & Patel, 1993):

a) Collecting information from the patient
There are semi-structured interviews, for use with patients, such as the Geriatric
Mental State [GMS] (Copeland er al., 1976) and the Sandoz Clinical Assessment -

Geriatric [SCAG] (Shader et al., 1974). The GMS is designed as a standardised

psychiatric interview for use with the elderly. For the assessment of dementia an
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interview with the carer has been added (although this is not concerned with
behaviour). A nutrition and weight questionnaire (Geriatric Community Health
Center Nutrition questionnaire) has been used with AD patients (Wolf-Klein er al.,
1992). The central problem with collecting behavioural information from the patient

is the unreliability of the report, due to the patient’s cognitive impairment.

b) Collecting information from carers

Several instruments have been developed to collect information from a principal
carer, either at home or in a ward, using semi-structured or structured interviews or
rating scales, for example CAMDEX: a standardised instrument for the diagnosis of
mental disorder in the elderly, with special reference to the early detection of
dementia (Roth er al., 1986); the Social Behaviour Assessment Schedule [SBAS]
(Platt er al., 1980); Informant Questionnaire to Measure Cognitive Decline in the
elderly [IQCODE] (Jorm et al., 1989); Rating Scale for Aggressive Behaviour in the
Elderly [RAGE] (Patel & Hope, 1992b). The only semi-structured interview
developed principally to study a broad spectrum of behaviour changes in dementia is

the Present Behaviour Examination [PBE] (Hope and Fairburn, 1992).

The main problem with all these methods is the lack of reliability between assessment

of similar behaviour by different carers.

¢) Direct Observation
Direct observation needs careful development to define target behaviour and to ensure

consistency in recording and coding. It is time-consuming but allows a more
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objective analysis of behaviour than the two methods discussed above.

d) Indirect objective measures

Some types of behaviour can be measured using automatic recording devices. For
example pedometers and electronic monitors have been used to assess hyperactivity
(Rheaume et al., 1987). Electroencephalographic recording of sleep and
physiological markers such as plasma melatonin, human growth hormone release and
body temperature have been used to assess diurnal rhythm (Prinz et al., 1982; Prinz

& Vitiello, 1993).

GENERAL METHODS OF STUDYING HUMAN EATING

BEHAVIOUR

Many methods have been used to study eating behaviour in non-demented subjects
(Rodin, 1990). Questionnaires, semi-structured interviews and ‘food diaries’ have
been extensively used in, for example, studies on obese people and people with eating
disorders (Garner & Garfinkel, 1979; Cooper & Fairburn, 1987; Cooper et al., 1989;
Fairburn & Cooper, 1993). Concurrent verbalisation during behavioural tasks was
used in patients with eating disorders (Cooper & Fairburn, 1992). Visual analogue
scales (VAS) have been used to assess parameters such as hunger, fullness and mood
(Hill & Blundell, 1986; Rogers & Hill, 1989; Rogers et al., 1991). Checklists of
foods with different macronutrient content have been used to assess the effect of drugs
on macronutrient preference (Blundell & Hill, 1987b). Checklists, VAS, forced-
choice food preference tests and diary records were used together to assess the effect

of preload meals on subsequent food intake (Hill e al., 1987). Direct observation

18



was used, often backed up by sophisticated recording devices, to record chewing and
swallowing (Bellisle & Le Magnen, 1980; 1981). Videofluoroscopic examination of
swallowing in people with dementia has been used successfully (Feinberg ef al.,
1992). A computer can be linked to a table with a built-in electronic balance to
measure food intake during a meal (Kissileff er al., 1980). Automatic snack-food
dispensers, linked to a computer, record when food is taken and what foods are
chosen in order to monitor ‘free range’ eating (Goodall er al., 1992). Direct
observation with videorecording has been used (Rogers & Blundell, 1979), which has

the added advantage that the microstructure of eating behaviour can be analysed.

Limitations of these methods for use in dementia

It is not possible to explain complex procedures to people with moderate or severe
dementia. This means that VAS, food dispensers and complex questionnaires cannot
readily be used. Responses to simple questions are not reliable as short-term memory
is very poor. A simple VAS drawn like a petrol gauge (see figure 12.4) was used
unsuccessfully, as part of the work for this thesis, to try to assess hunger. Pictures
of food, successfully used in assessing hunger in children with learning difficulties
(Holland et al., 1993), were also not successful when used on people with dementia

in this study (for further details see Chapter 12).

Semi-structured interviews or questionnaires can be used with carers to collect
indirect evidence. The PBE was used in the MRC study (described in Chapter 7) and
both inter-rater and intra-rater reliability of the PBE are good (Hope & Fairburn,

1992). However, there remains the issue of validity. Carers’ reports are not easy
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to standardise: one carer’s estimate of abnormal overeating might be regarded as

normal by another person.

Direct observation is the most appropriate method for the detailed examination of
eating behaviour. Direct observation allows standardised procedures to be set up and
standardised rating scales to be used in their analyses. Using video-recordings allows
these analyses to be checked for both inter- and intra-rater reliability. This, however,
is very time-consuming as only one subject can be monitored at a time. Most of the
experiments reported in this thesis involve using direct observations of eating

behaviour.
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Chapter 3 EATING ABNORMALITIES IN DEMENTIA

PREVALENCE

There are many reports of profound changes in eating behaviour during the course
of dementia. Morris and Hope (1992) reviewed the main changes and categorised
them as: decreased eating, increased eating, eating inedible objects and abnormal

eating methods, change in food choice and changes in eating style.

These reports are mainly based on studies of Alzheimer’s disease and vascular
dementia (Fairburn & Hope, 1988a, 1988b; Morris ef al., 1989; Erb et al., 1989) but
there are also reports of overeating in Pick’s disease (Hope & Allman, 1991),
Huntington’s disease (Janati, 1985), dementia of the frontal lobe type (Neary et al.,
1988), familial dementia of a non-specific nature (Kim et al., 1981) and progressive

subcortical gliosis, a rare form of presenile dementia (Neumann & Cohn, 1967).
Morris et al. (1989) and Hope et al. (1991a) studied the eating behaviour of a group

of 33 subjects with dementia, living in the community, looking at changes which had

occurred at some stage during the illness. Their results are summarised in table 3.1.
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Table 3.1

EATING ABNORMALITIES IN DEMENTIA
(Principally AD and vascular dementia)
Results refer to the percentage of subjects (n=33) who showed abnormality at
some stage during their illness.

1 Alterations in eating behaviour:
Increased eating 26%
Decreased eating 63 %
Change in food choice
change in sweet food choice 37%
liked more spicy food 15%
inappropriate foods 15%
Pica, non-food e.g. coprophagia 15%
Pica, inappropriate food 15%

2 Weight changes (loss or gain)
Percentage who showed weight loss 70%
Percentage who showed weight gain 22%

Hope et al., (1991a)
Morris et al., (1989)

Other changes include physical difficulties in eating and changes in nutrition, for

example biochemical indexes, nutrient intake and energy balance (Morris et al.,

1989).

In the Medical Research Council (MRC) longitudinal study of a cohort of 104
subjects (Hope & Fairburn, 1992), the main changes in eating at the first interview
(point-of-entry data) were similar to the changes shown in table 3.1. Further details

of the range and prevalence of these changes are discussed in Chapter 7.

Sinha and colleagues (1992) found that there was either an increase or decrease in
eating in 29% of people with dementia. In a retrospective study, Trinkle and

colleagues (1992) report eating changes as a prominent symptom of dementia in 15
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out of 114 (13.2%) patients. This is a lower estimate than Morris and colleagues
(1989), partly because no specific questionnaire was used to assess eating disorders
and also ‘oral behaviour’ was not included. The longer-term MRC study, using the
Present Behavioural Examination (PBE), shows that at least one of the abnormalities
described by Trinkle and colleagues was present in 62 of 97 (64 %) subjects at the
point-of-entry interview and a further 21 (22 %) developed an eating abnormality in

the following 4 years (Morris et al., 1993).

Excessive appetite has been reported in up to 20% of Alzheimer’s disease patients
(Teri et al., 1989). Hope et al. (1991a) found that up to 25% of people with
dementia showed signs of overeating at some stage during the course of the illness.
Trinkle et al. (1992) report binging behaviour and altered food choice. Burns ez al.
(1990b) found that the proportion of people with dementia, who were said to be
binge-eating, at any one time is around 10%, and this figure is the same for mild,
moderate and severe dementia. They also found no association between binge-eating
and prescribed neuroleptic drugs. There was a significant correlation between binge-

eating and hyperorality.

In the MRC longitudinal study, at present being carried out in Oxford, carers reported
that eating increased in 35% of the subjects at some stage in the dementing illness.
This is remarkable as normally, with increasing age, activity and energy requirements
decrease. Hyperphagia was reported to be severe, at some stage in the illness in 24
(23%) of the cohort of 104, i.e. carers reported that the person with dementia would

eat an excessive quantity of any food available, frequently until it was finished,
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especially when it was sweet food such as biscuits and cake. This sometimes seemed
to be because of a marked preference for sweet foods (see Chapter 10) and sometimes
because the foods which were most easily found, and recognised, were sweets or

biscuits.

There is considerable variation in the estimates of the prevalence of eating disorders
because different populations are examined, definitions and criteria vary and different
methods of assessment are used. Some studies find little difference in food intake
between controls and people with dementia (Stdhelin er al., 1983; Renvall er al.,
1989; Winograd er al., 1991) and others find significant deficiencies in the diet of

people with dementia (Litchford & Wakefield, 1987).

Hyperphagia has not been investigated in detail by direct observation. The only work
using direct observation was a case study (Hope & Allman, 1991) which suggested
that the massive food consumption, of a man with Pick’s disease, could be

significantly reduced with fluvoxamine.

HYPOPHAGIA IN DEMENTIA

Decreased eating in people with dementia is a major problem for carers and nursing
staff (Watson, 1993). Sandman er al. (1987) found energy and/or protein
malnutrition in 50% of institutionalised patients with AD or vascular dementia and
a mean reference weight of 82% of ideal body weight in spite of adequate dietary
intake for energy. In their review, Morley and Silver (1988) conclude that a decrease

in eating, with or without loss of weight, is the most common eating change in
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dementia.

There are likely to be many causes of undereating including lack of self-care,
forgetting to eat, metabolic disturbances and a direct result of brain pathology. In the
early stages of dementia, if people are living alone, social isolation may remove the
incentive to prepare and enjoy meals. Perishable foods may pose a health risk if not
eaten in time. Malnutrition can be an additional problem if physical and cognitive
difficulties prevent efficient shopping and meal preparation (Nes er al., 1988), for
example people with dementia may only buy a few easily prepared items, such as
biscuits or bread and butter, and live almost exclusively on them (Rubenstein, 1990).
A change in food choice is common, sweet foods usually being preferred (Mungas
et al., 1990). Well-preserved social behaviour may even prevent a spouse from
realising how little food is being eaten, as a consequence of apraxia (Blass, 1980).
With increasing inactivity the basal metabolic rate decreases so that requirements are
reduced, but it is easy for a vicious circle of undereating, nutritional deficiencies and

apathy, to be set up.

In the terminal stages of dementia, Sourander and Sjogren (1970) reported an extreme
and rapid decrease in body weight, apparently unrelated to either inadequate feeding
or to cancer. In most people suffering from dementia, if the deterioration runs its full
course, the final stages are usually characterised by hypophagia as the person
becomes immobile and apathetic. People often take active measures to avoid feeding
e.g. turning the head away, spitting out food in the mouth and keeping the mouth

firmly closed when being fed. In the final stages the swallowing reflex is lost
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(Volicer et al., 1989).

Watson (1994a; 1994b) analysed these changes and found a cumulative pattern as
more feeding difficulties occurred. The early signs indicate a refusal to eat, for
example by turning the head away or refusing to open the mouth. A later, more
severe, sign is spitting out food and finally the patient refuses, or is unable, to
swallow. These progressively more severe aspects of feeding difficulties revealed a
cumulative and unidimensional pattern when he analysed them by means of Guttman

scale analysis.

Causes of hypophagia

It is likely that there are many factors contributing to undereating. There are
biological causes, for example lesions of the lateral hypothalamus cause hypophagia
(Anand & Brobeck, 1951) and in AD there is extensive damage in this area. There
are less sensitive taste cells in the elderly, and in people with AD the olfactory
sensory pathway shows early damage with significantly greater cell loss and more
neurofibrillary tangles than in the normal elderly (Esiri & Wilcock, 1984). In
addition poor eyesight makes it difficult to recognise or identify objects as food. As
the sense organs atrophy, the sense of smell and taste may diminish (Schiffman &
Warwick, 1988) and the hedonic qualities of food probably decrease. Some
endocrine and neurotransmitter changes, for example decrease of noradrenaline and
neuropeptide Y would lead to hypophagia and weight loss (Morley & Silver, 1988;
Silver, 1990). Blundell (1988) suggests that anorexia in the elderly may not be due

to a single mechanism malfunctioning but to the neurotransmitter system in general
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becoming disregulated. Circulating levels of cholecystokinin (CCK) are raised in the

elderly, resulting in early satiety (Glick, 1992).

Psychological causes could account for undereating. Late onset anorexia nervosa
might account for some hypophagia (Morley & Silver, 1988). Depression is
widespread in dementia; occurring in 63% of dementia patients according to one
study (Burns er al., 1990a) and may be responsible for a reduced appetite. In
analysing data from the MRC study, a significant association was found between
ratings for anhedonia and eating less, although, in some cases, eating less preceded

anhedonia (McShane, personal communication).

In the early stages of dementia, if people are living on their own, poor nutrition and
undereating may be the result of self-neglect or people may eat inappropriately,
inadequately or may forget to eat (Morris & Hope, 1992). Many people with
dementia either have poor teeth or, if they need dentures, they are often not tolerated,
are mislaid or broken. In later stages, behaviour changes such as increased
restlessness, agitation or resistiveness may prevent people from sitting long enough
to eat. In addition there are numerous physical conditions (such as concurrent illness)
which are associated with older subjects in general (Bowman et al., 1992; Berry,
1992). Eventually, in the final stages of dementia, coordination becomes too poor
for self-feeding and finally the person gags or chokes frequently as the swallowing

reflex is lost.
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HYPERPHAGIA IN DEMENTIA

Hyperphagia is an excessive ingestion of food beyond that needed for basic energy
requirement.  Although, as discussed above, hyperphagia is not as common as

hypophagia it is, nevertheless, a significant behavioural problem in dementia.

It is of clinical importance for several reasons. The increase in weight, which often
accompanies hyperphagia, can lead to loss of mobility which may make caring at
home impossible (Fairburn & Hope, 1988a). The disappearance of food from larders
and fridges can be very inconvenient for carers but it can also be dangerous when,
for example, people try to take food, which is being cooked, out of saucepans on the
stove. There is a great health risk to people with dementia who scavenge. Carers
report people eating the contents of waste bins, food from pets’ dishes, soap,
shampoo or faeces. Pot or garden plants have been eaten and one person I examined
ate a live frog which a child was showing him. In the home, carers have to lock
away food and keep constant watch. In a ward or nursing home aggressive episodes

often result when people take food from other residents.

In the next chapter I will review the occurrence of hyperphagia in clinical settings
other than dementia. I will then discuss theories of the control of eating and, in the
final chapter of the introductory section, I will consider the possible causes of

hyperphagia in dementia.
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Chapter 4 HYPERPHAGIA IN CLINICAL SETTINGS

OTHER THAN DEMENTIA

Dementia is not the only clinical setting in which increased eating occurs. Overeating
can either be sporadic, as in the binge-eating of bulimia nervosa, or sustained
hyperphagia. In this chapter I will review a number of clinical conditions which may

be associated with hyperphagia.

BULIMIA NERVOSA

Although not recognised as a separate disorder until the end of the 1970s, bulimia
nervosa is the most common eating disorder currently encountered in psychiatric
practice (Fairburn, 1993). The DSM-IV (American Psychiatric Association, 1994)

diagnostic criteria for bulimia nervosa are:

A - recurrent episodes of binge eating, characterised by eating definitely more
food, in a discrete period of time, than most people in similar circumstances

and feeling a lack of control over eating behaviour during the eating binges;
B -  recurrent inappropriate compensatory behaviour is taken to prevent weight

gain e.g. self-induced vomiting, misuse of laxatives, diuretics, enemas or

other medications, fasting or excessive exercise;
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C -  the binge-eating and inappropriate compensatory behaviours both occur, on

average, at least twice a week for three months.

Periods of overeating or binge-eating are common, for example Healy and colleagues
(1985) found that 30% of Irish college students admitted to binge-eating but only a
quarter of these reported that they lost control during the binge. Binging is normally
resisted by avoiding situations where food is available but when sufferers succumb,
they eat on their own and surreptitiously. The greater the self-control, the greater is
the fear of losing control. Bulimics may also show an excess of other behaviour such
as dependence on chemicals or alcohol (Mitchell e al., 1985). Bulimics often suffer
from a low mood, which is worse on binge days, but it may be alleviated as they eat.
Food is usually, but not always, eaten quickly and the foods chosen are highly
palatable, often described as junk foods, and rich in fat (van der Ster Wallin et al.,
1994). Fairburn (1993) states that the distinctive feature is that energy-rich foods are
eaten, and they are low in protein rather than being high in carbohydrate, with an

average consumption of 3000 kcal (over 12 000 kJ) per episode.

Experiments involving patients with bulimia nervosa suggest that there is an absence
of sensory-specific satiety, that is, they do not eat more when a variety of foods is
offered than they eat at a single-course meal (Hetherington & Rolls, 1989). The
binge continues until one of the following occurs, the food runs out, there is acute
discomfort, an interruption occurs or the sufferer falls asleep. Binging is usually

followed by self-induced vomiting or laxative abuse.
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Typically bulimia affects young women and it is rare in males or older females. Like
other eating disorders, bulimia is most frequent in cultures where there is the greatest
pressure to be slim (Garner & Garfinkel, 1980). Herman and Mack (1975) found that
people who did not deliberately limit their food intake (unrestrained eaters) ate less
after a preload milkshake and less still after two. On the other hand, people who
constantly restricted their food intake (habitual restrainers), ate more after a preload.
This overconsumption or rebound eating could be due to cognitive or physiological
factors. If the low, self-imposed, upper boundary is breached, eating may continue
in what Herman and Polivy (1984) call the ‘What-the-hell effect!’. This counter-
regulation after a high energy preload, was confirmed experimentally in people with

bulimia by Hetherington and Rolls (1989).

Bulimia nervosa in the elderly

Although bulimia nervosa is typically a disorder of young women, Hsu and Zimmer
(1988) believe that eating disorders are becoming more common in the elderly. They
report four cases of bulimia (or a mixture of anorexia and bulimia) involving post-
menopausal women over the age of 50. Other cases are reported in a review by
Cosford and Arnold (1992). Some patients did have a past history of eating disorders

or dieting whereas in others there seemed to have been no prior eating difficulties.

Comparison of bulimia nervosa with hyperphagia in dementia

Superficially hyperphagia in dementia shows some similarities to bulimia nervosa, but

there are fundamental differences.
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a) Similarities with bulimia nervosa (BN)

In both these eating disorders high-energy foods are chosen; binge meals usually have
a high percentage of fat and carbohydrate and contain a low proportion of protein
foods (see Chapter 10). In BN and hyperphagia very large amounts of food can be
eaten at a single sitting, sometimes a meal is only brought to an end by uncomfortable

abdominal distension.

b) Differences from bulimia nervosa

In people with dementia who are hyperphagic, there is no concern about weight or
shape, attempts to restrict food intake or to exercise self-control. In dementia there
is no evidence that subjects try to overcome the fattening effect of food by self-
induced vomiting or by using laxatives or diuretics. Although some people who are
hyperphagic are excessively active, there is no evidence that the motive in exercising
is to prevent weight gain. The majority of people with hyperphagia do not eat
quickly and they do not restrict food intake between bouts. Unlike bulimia there is
no marked difference in prevalence between the sexes and no history of eating
disturbances, dieting, obesity or previous belief that they had a tendency to gain

weight. Onset is much later, BN typically presents in the 20s.

In summary the hyperphagia observed in dementia is not associated with the extreme

concern about shape and weight which are central to the diagnosis of bulimia nervosa.
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PRADER-WILLI SYNDROME (PWS)

This syndrome results from a deletion on chromosome 15 (the 15q11-13 region in the
majority of patients), probably causing anatomical abnormality of the hypothalamus,
although to date no gross anatomical or microscopic defect has been found in autopsy
material (Holland er al., 1993). The features of the syndrome are hypotonia, mental
retardation, short stature, obesity, hypogenitalism and hyperphagia. Typically there
is neonatal hypotonia and feeding difficulties followed, in early childhood, by both
excessive appetite and obesity. Gross obesity starts at 9-15 months and is associated
with compulsive eating habits, eating excessively and stealing food. There are
characteristic physical changes and usually mild or moderate mental retardation.
Obesity is reported in 100% of the patients in all of the large clinical reviews (Zipf

& Berntson, 1987).

Twenty-three out of 29 males and 29 out of 32 females were reported to steal food
(Clarke et al., 1989). Appetite appears to be insatiable and children will eat all the
food that is available, searching for food when it is not. Food intake patterns were
compared with weight-matched obese children with no signs of PWS (Holland et al.,
1993). Both groups were given chicken-salad sandwich squares which were
continuously replaced as they ate. The control subjects usually stopped eating after
about 15 minutes, while all but one of the PWS children continued for much longer,
eating up to 100 chicken sandwiches in 60 minutes. Most subjects did eventually
slow or stop eating but this apparent satiation may have been the result of mechanical
factors such as stomach distension. This experiment confirmed a previous study by

Zipf and Berntson (1987) which demonstrated the delay in the onset of satiety.
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In some studies, obese humans, including PWS subjects (Kyriakides et al., 1980),
show appetite suppressant effects of the opioid antagonist naloxone, which are not
found in normal weight controls. One explanation is that, as with genetically obese
and hyperphagic mice and rats, there are high levels of beta endorphin in the
pituitary. Zipf and Berntson were not able to confirm this. Improvement in weight
control and behaviour were seen after treatment with fluoxetine, a 5-HT reuptake
inhibitor, suggesting that the excessive appetite might be the result of low 5-HT
(Dech & Budow, 1991). PWS appears therefore to represent an example of genetic

obesity due to failure of satiety.

HYPOTHALAMIC TUMOURS

Hypothalamic tumours and lesions are known to result in hyperphagia associated with
marked obesity (Reeves & Plum, 1969; Celesia er al., 1981; Bray, 1984). Tumour
in the ventromedial and posterior nuclei resulted in the patient eating continuously

with a resultant weight gain (Beal er al., 1981).

KLEINE-LEVIN SYNDROME (also known as Bulimia hypersomnia)

This syndrome is typically seen in male adolescents, who have attacks of somnolence
which last days or even weeks. When they are awake, they are usually irritable and
restless with a ravenous appetite. They are compulsively polyphagic, eating
everything within sight, in particular consuming large amounts of high-carbohydrate
sweets if available. The cause is not known but Kleine-Levin syndrome sometimes

appears after flu-like symptoms (Lishman, 1987) or traumatic brain damage. It seems
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to be the result of lesions of the prefrontal area, the hypothalamus or both (Thompson
et al., 1985; Magalini et al., 1990). In one family, autosomal inheritance has been
reported. Low levels of dopamine are reported in the periods of hypersomnolence

(Chesson et al, 1991).

SANFILIPPO SYNDROME (or Mucopolysaccharidosis IIT)

Sanfilippo syndrome is a genetically heterogeneous, autosomal recessive disorder
which results in an enzyme deficiency. By the age of three, it is characterised by
sleep disturbance and by the age of eleven there is explosive aggression, pacing and
lack of satiety. Most of the children are hyperactive with poor impulse control
(Nidiffer & Kelly, 1983). Children overeat in a way that suggests that they do not
satiate normally. Unless their food intake is controlled they become obese (Dennis,

personal communication).

FRAGILE X SYNDROME

Fragile X syndrome is an X-linked recessive trait which usually affects boys severely
although girls may be more mildly affected. Typically it results in overactivity and
boys cannot go for more than 2 hours without food; it is as if they need constant
‘refuelling’. They appear to be unselective in their choice of food and eat small
amounts at frequent intervals. They seem to need something in their mouth and when
food is available they rapidly cram it in. Some of the boys overeat but they do not
become obese (Dennis, personal communication), although there is a subphenotype

characterised by extreme obesity with a full round face (de Vries ef al., 1993).
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KLUVER-BUCY SYNDROME

Kliiver and Bucy (1938) described a striking syndrome occurring in monkeys after
bilateral temporal lobectomy including the amygdala, uncus, hippocampus and most
of the temporal neocortex. People with this syndrome exhibit several marked

symptoms including hyperphagia (Pilleri, 1966).

SYMPTOMS OF THE KLUVER-BUCY SYNDROME
1 Visual agnosia

2 Hyperorality

3 Hypermetamorphosis (as used by Wernicke)

4 Loss or diminution of emotions

5 Hypersexuality

6 Profound changes in dietary habits ("bulimia")

This syndrome is considered in the setting of dementia in Chapter 6.

PARKINSON’S DISEASE

Marked increase in appetite has been seen in people with Parkinson’s disease before
they start treatment. This may imply a possible role of dopamine in appetite control

(Rosenberg et al., 1977).

HEAD INJURY AND BRAIN DAMAGE

There are instances of head injury causing hyperphagia, for example a case is
reported by Morris and Hope (1990). Overeating can probably occur as a result of
aquaductal stenosis which increases intracranial pressure, expanding the third ventricle
and compressing the ventromedial hypothalamus (Krahn & Mitchell, 1984).
Egodystonic overeating or compulsive overeating due to a neurological deficit has

been reported (Rau & Green, 1975). Some of these cases have abnormal EEGs and
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respond to anticonvulsive treatment. Herpes simplex encephalitis has also led to
overeating and pica (Hierons ef al., 1978; Greenwood et al., 1983). Overeating was
found in adults with moderate to severe learning difficulties. Those who were
depressed ate excessive quantities, mostly carbohydrate and sweet foods and autistic

adults searched for food and ate frequent snacks (O’Brien & Whitehouse, 1990).
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Chapter 5 THE CONTROL OF EATING

Humans take in energy in the form of carbohydrates, lipids and proteins. These
macronutrients can be regarded as interchangeable sources of metabolic energy. As
the food supply is heterogeneous in composition, and uneven in its availability,
efficient nutritional homeostasis is necessary. Food intake is controlled by a complex

interaction of internal and external signals.

Humans usually maintain a relatively stable set-point for body-weight (Le Magnen,
1983). However, there is a strong defence against undernutrition but only a weak

defence against overconsumption, therefore the regulatory system is not symmetrical.

Rhythms of food intake in humans

Babies, fed on demand, initially receive 10-11 meals a day but this gradually
decreases to the adult pattern of eating three to four discrete meals, separated by
periods of 3-4 hours, during which little or no food is eaten. As a circadian rhythm
develops, meals are usually only eaten during the daytime. The daily pattern of
meals and snacks often follows a similar, culturally-determined pattern in timing,
approximate size and macronutrient content. Humans, having evolved to be
omnivorous, show an eating pattern intermediate between intermittent gorging, typical

of carnivores, and the herbivores’ comparatively continuous feeding pattern.

Annual feeding cycles flatten out when humans have ample food all the year round
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and live in artificially heated environments. Long-term increases in food intake
compensate for periods of growth and activity. Intake increases during gestation to

store food in preparation for lactation and remains high while lactation continues.

INTERNAL CONTROL OF EATING

There are two levels of explanation for the internal control of eating. The first is in
terms of mechanisms such as hunger and satiety. The experiments in this thesis are
aimed at examining the mechanisms underlying hyperphagia in dementia at this level.
The second level of explanation is in terms of the specific physiological and

psychological processes which underlie the general mechanisms.

A full understanding requires the integration of both of these levels. In the current
state of knowledge such integration is only partly possible. In this chapter I will give
an overview of the first level of explanation and review the psychological and
physiological processes with reference to the relationships between the two levels of
explanation. In Chapter 6, I will speculate on the physiological mechanisms which

may underlie hyperphagia in dementia.

Somne definitions of factors controlling eating behaviour

Elements controlling food intake have been variously defined and include a
combination of physiological and psychological or emotional factors. Blundell has
used a ‘systems’ approach in trying to understand the biopsychological control of
eating (Blundell, 1991b; Blundell & Halford, 1994). The key features of this

approach are a regulated variable and a receptor sensitive to the variable. This is
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bound to be complex for the energy relations of the whole body and depends on
signals related to food intake and total energy storage. Listed below are some of the
elements involved as defined by Rogers (1990b), Blundell (1991b), Read (1992) and

others.

Hunger is the urge to begin eating or the somatic sensations of needing food and is
the process which stimulates the onset of eating. It is the psychological expression

of physiological change following food deprivation.

Appetite is measured by the amount of food consumed and is the process which
directs and guides eating once feeding has begun. It is the product of a complex
interaction of internal (physiological) and external (environmental factors). Internal
and external stimuli to eat have an additive or synergistic effect. Appetite includes
the enjoyment of eating (hedonic qualities), the desire to eat (caloric appetite) and

possibly the selective desire to eat certain foods (nutrient specific appetite).

Satiation is the process that brings a period of eating to a halt. The satiating
efficiency of a food is its capacity to suppress hunger and inhibit the onset of a

further period of eating.

Satiety is the inhibition of hunger and eating that arises as a consequence of food
consumption or the feeling of satisfaction as a result of food intake. After the end
of one meal there is a period of satiety before hunger stimulates the onset of the next

meal.
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Palatability is the ingestive response to the hedonic qualities of the food such as its
taste, smell or texture. Palatability is partly innate (Steiner, 1979) and partly

conditioned as a result of the post-ingestive nutritional effect of a food.

Aversion is the intense dislike of certain foods. This also is partly innate and partly

the result of conditioning.

Neophobia, the avoidance of unfamiliar food, is probably innate in humans and has
been clearly demonstrated in rats. The initial low consumption of novel foods (one
trial and long delay) minimises the danger of eating toxic substances. Any unpleasant

sensations which follow prevents its future consumption.

PSYCHOLOGICAL FACTORS CONTROLLING EATING

Hunger and satiety can be powerful sensations which have many physiological
causes but, in humans who have a reliable and plentiful food supply, food intake is
often influenced as much by psychological factors and social conditioning as by
physiological control. Food selection and the order in which foods are eaten may be
culturally determined and may not reflect the individual’s needs or desires at that
moment. Innate hunger and satiety signals can be overridden by deliberate decisions,

as in the case of dieting to lose weight.

Appetite and aversion are mainly under psychological control. Appetite may have
a physiological basis, as when salty food is craved if the body is salt-deficient, or it

may be the result of innate or acquired preferences. Food preference is highly
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dependent on affective attitude towards the food for example influenced by religious

or regional beliefs.

Palatability may override physiological regulation mechanisms and often
overconsumption is encouraged by the habit of eating regular meals, even when they
are not necessarily required. Increasing the palatability of familiar foods by adding
sweetness or fats increases meal size and frequency. Conversely reducing palatability

by adding bitter flavouring reduces meal size and frequency.

Variety effect or sensory specific satiety is observed if a variety of foods is
available, i.e. foods with different tastes, textures or appearances stimulate greater
intake than a single food (Rolls et al., 1981; Hill & Blundell, 1986). Experiments
in humans have demonstrated that when one food is eaten to satiety its relative
pleasantness decreases when compared with foods which have not been eaten. As this
satiety is dependent on senses rather than macronutrient content it has been called

‘sensory-specific satiety’.

When satiated by one food, the presentation of a different, palatable food results in
further consumption until gastro-intestinal feedback results in total satiation. This
mechanism may have had an evolutionary advantage of ensuring that a wide range of
nutrients was consumed but, when food is plentiful, it can lead to overeating and

obesity (Rolls ez al., 1981).

Emotional factors such as moods and emotions can affect food intake, for example
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fear and depression decrease gastric secretion and slow the motility of the stomach.
Stress can increase or decrease eating depending on whether the person is lean or

obese and also on the type of stress experienced (Levine & Billington, 1991).

PHYSIOLOGICAL CONTROL OF EATING

Hunger, satiation and satiety can be regarded as being under physiological control
from internal positive and negative feedback mechanisms. Feedback control has been
summarised by Blundell (1991a) in the form of a complex pattern of factors and
feedback mechanisms. I will first outline the physiological mechanisms in terms of
the control of the initiation, continuation and cessation of eating; then examine the
control of food choice and finally summarise the main control mechanisms within the

central nervous system.

THE INITIATION, CONTINUATION AND CESSATION OF EATING
1. Initiation of the meal

Initiation of the meal depends on hunger and the palatability of food.

a) Hunger
Lack of food generates the sensation of hunger. Several specific theories have been

proposed:

(1) stimulation of mechano-receptors in the stomach wall by contractions of the

empty stomach;

(i)  reduced availability of glucose detected by glucoreceptors in the GI tract, liver

and diencephalon (the glucostatic hypothesis of hunger, Mayer, 1953);
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(iii) low environmental temperatures trigger thermoreceptors in the diencephalon

(thermostatic hypothesis, Brobeck, 1948; extended by Glick, 1982);

(iv)  reduction in fat stores, in the long-term triggers food intake (lipostatic

hypothesis, Mayer, 1955).

b) Palatability and appetite

Sensory information, is transmitted to the brain, generally resulting in positive
feedback for eating (see Chapter 13). The sight and smell of food generate signals
to prepare the gastro-intestinal (GI) tract for the ingestion of food, even before it
enters the mouth, and can cause insulin release (Louis-Sylvestre & Le Magnen 1980;
Le Magnen, 1983). The release is influenced by the perceived palatability of the
food. The resulting hypoglycaemia may be one of the trigger signals for eating.
Other signals may be plasma levels of fatty acids and amino acids or liver glycogen

levels.

2. Continuing eating

Once the meal has started, eating is probably controlled principally by the CNS,
through a balance between positive feedback resulting from orosensory stimuli, such
as the taste, smell and texture of food in the mouth and negative feedback from sense

cells in the GI tract as food accumulates in the gut (Rogers, 1993).

3. Termination of a meal (satiation)
Satiation is brought about by complex interactions where internal changes lead to a

decline in the general motivation to eat (figure 5.1).
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There are many mechanisms which contribute to the termination of a meal:
a) Preabsorptive feelings of satiation, are induced by gastric fullness, GI hormones
such as cholecystokinin (CCK), sensory stimuli from the smell and taste of food and

from chemoreceptors in the GI tract relayed to the hypothalamus.

Figure 5.1 Components of the satiety cascade (Blundell, 1991b).

MEDIATING PROCESSES
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(i) Stomach - At low volumes food intake is controlled by nutrient-sensitive cells
which sense the energy (caloric) content and density of the stomach contents. They
are probably exposed progressively as the stomach distends. At the upper limits of
the stomach’s capacity, mechano-receptors in the wall of the GI tract, sensitive to

stretching, limit intake via the vagus nerve.

The ending of a meal is unlikely to be due to restoration of depleted body nutrients
because meals end long before absorption has finished. The end of the meal must

therefore involve predicting when sufficient food has been ingested, estimated from
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both oro-pharyngeal and gastric signals (Deutsch, 1987).

(ii) Intestine - Intestinal receptors can regulate stomach emptying (Rayner, 1992).
Fats decrease the gastric emptying rate and reduce post-prandial glycaemia. Protein
and fat stimulate the release of CCK as food enters the duodenum, inhibiting feeding

(Blundell & Halford, 1994).

Gastro-intestinal satiation depends on volume or energy density although there is
evidence that macronutrient composition affects post-prandial satiety. Stimulation of
GI glucoreceptors, osmoreceptors and receptors for tonicity, amino acids, acid and

alkali inhibit food intake (negative feedback).

b) Postabsorptive satiety signals, preventing the immediate return of hunger, include
the increased concentration of plasma glucose, hormones which regulate carbohydrate
and fat metabolism (e.g. insulin and glucagon) and raised body temperature. Liver
glucoreceptors and glucose-sensitive neurones of the hypothalamus monitor plasma
glucose and reduce food intake when stimulated (Booth, 1972; Oomura, 1988).
Appetite may be controlled by the rate of oxidation of glucose and free fatty acids in
the liver (Friedman et al., 1986). GI information and post-absorptive signals are
interpreted by the brain, in the light of previous experience, effecting the onset of

satiety.

In humans, meal intervals are often determined by social factors rather than by

hunger but, in ‘free-running’ conditions, it is the post-meal intervals which are
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correlated with the energy value of the previous meal, the size of the next meal is not
affected (Le Magnen, 1983). A meal seems to be a store in anticipation of future

expenditure.

THE CONTROL OF FOOD CHOICE

Positive feedback during eating depends on the palatability of the food. Humans are
preprogrammed genetically to prefer sweet tastes (Steiner, 1979), even if they are
non-caloric, as sweetness is usually associated with safe carbohydrate sources of
energy. Sour and bitter tastes are usually rejected (Birch, 1987), even when they are

non-toxic. This is adaptive as most bitter substances are harmful.

a) Macronutrient choice

Ingestion of the three macronutrients, protein, fat and carbohydrate, are controlled
by different mechanisms. In broad terms protein intake is under quite tight control,
whereas there is little physiological control of fat intake (Hill & Blundell, 1986;
Blundell & Halford, 1994). Fat is highly palatable and energy dense, causing CCK
release which affects satiety, but fat’s satiating effect during a meal appears to be
weak (Rogers, 1990a). There are probably good evolutionary reasons why these
levels of physiological control are so different as fat, which has a weak satiating
effect, would not be abundant in the hunter-gatherer diet and the short-term benefits

of the energy-dense food would outweigh the long-term health risks of obesity.

When humans are given a free choice of food after a high or low protein intake there

is an approximate compensation for protein over a 24-hour period. Like other
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nutrient-specific appetites, the detection of amino acid content must be due to sensory
cues, which are associated with the rapid post-ingestive effects which followed their
intake on a previous occasion. When hungry, at the start of the meal there is a
relative preference for protein over carbohydrate, whereas, at the end of the meal,

carbohydrate is preferred (Hill & Blundell, 1986; Blundell et al., 1987).

b) Micronutrient choice (vitamins and minerals).

Vitamin or mineral micronutrient deficiency can under special circumstances result
in a specific appetite, proportional to the deprivation (Rozin, 1976). As
micronutrients (apart from common salt) cannot be detected by taste or smell,
discrimination must be the result of the conditioning by the sensory cues. These cues
are assumed to be associated with foods containing the micronutrient which previously

led to recovery from symptoms induced by depletion.

CONTROL BY THE CENTRAL NERVOUS SYSTEM

The central nervous system (CNS) plays an important role in the control of food
intake. Since the abnormalities of food intake seen in dementia are likely to be
principally due to the damage to the CNS, I will review these changes in some detail.
The products of digestion probably act as post-absorptive or metabolic satiety signals

through binding to brain chemoreceptors.

Since the early work of Hetherington & Ranson (1940) the hypothalamus has been
regarded as an important centre for the control of feeding. For many years the ‘dual-

centre’ hypothesis held sway (Anand & Brobeck, 1951). This was based on evidence

48



that bilateral lesions to the lateral hypothalamus (LH) resulted in reduced eating and
weight loss whereas lesions to the ventro-medial hypothalamus (VMH) resulted in
overeating and obesity (Waldbillig ef al., 1981). Conversely, stimulation of the LH

led to increased eating and stimulation of the VMH decreased eating.

The dual centre hypothesis in its simple form therefore proposed that the LH
controlled the onset and continuation of eating and the VMH controlled satiety.
However, this hypothesis is probably too simple. Further studies (Rolls, 1981)
showed that the reduced eating which had been observed following lesions to the LH
were at least partly due to damage to the nearby nigrostriatal bundle, preventing
correct orientation to sensory stimuli, needed to coordinate feeding and drinking. The
hypothalamus however seems to be an important ‘crossroads’ in the complex

neurocircuits controlling eating behaviour (Sclafani & Kirchgessner, 1986).

Furthermore there is evidence that the different neurotransmitter systems within the
same hypothalamic area have different effects. For example noradrenaline (NA) and
5-HT probably act antagonistically in the PVN, NA facilitates feeding and 5-HT

inhibits it (Blundell, 1977, Hoebel et al., 1989).

The control of the satiety centre’s activity probably involves glucose-sensitive
neurones, called glucostats (Mayer, 1953). When blood sugar is low the activity of
the satiety centre ‘glucostats’ decreases and therefore they do not inhibit the feeding
centre and the result is hunger. High glucose levels cause glucostats to inhibit the

feeding centre (Campfield ez al., 1985).
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Lesions to the temporal lobe or amygdala result in Kliiver-Bucy syndrome (see
Chapter 4) with increased orality and the ingestion of noxious substances or novel
foods. The limbic system is concerned with appetite regulation and amygdala lesions
cause moderate hyperphagia. The overeating observed following lesions to the
amygdala is different from that following lesions to the VMH (Rolls, 1986).
Amygdaloid lesions, at least in rats, leads to them becoming omniphagic, eating
tainted, novel or adulterated foods. The amygdala is apparently needed in order to
learn what constitutes food. VMH damage leads to hyperphagia and obesity, usually

until a new, higher set-point for body weight is established.

NEUROTRANSMITTERS AND THE CONTROL OF FOOD INTAKE

The neural control of food intake can be considered not only in terms of anatomical
sites but also in terms of the neurotransmitters involved. The transmitter systems
which are particularly involved are noradrenaline, 5-HT, dopamine, neuropeptide Y

and galanin (Leibowitz, 1990).

Catecholamines

Stimulation of CNS catecholamines (noradrenaline and dopamine), for example by
amphetamines, decreases protein consumption, increases the latency before eating
starts, increases local eating rate (i.e. rate within an eating bout) and decreases
subjective feelings of hunger (Rogers & Blundell, 1979). The eating rate overall is
unaltered but the duration of the meal decreases (McGuirk et al., 1991). If
catecholamines are depleted, the latency before eating starts is reduced but meals are

longer.
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Noradrenaline (norepinephrine), possibly mediated by receptors of the PVN, is
probably responsible for the preference, shown by rats, for food rich in carbohydrate
during the first meal of the active period (Leibowitz, 1985). This mechanism helps
to restore depleted glucose levels. Noradrenaline does not seem to change fat intake

but may suppress protein intake.

Dopamine appears to inhibit intake of fat and protein but carbohydrate intake is

unaffected.

S-Hydroxytryptamine - (5-HT or serotonin)

Blundell (1984) summarised the research data and suggested that 5-HT (a) plays an
inhibitory role in feeding and is selectively involved in satiation (Blundell, 1977); (b)
contributes to circadian rhythm of satiety control; (c) may modulate other systems
regulating body weight; (d) interacts reciprocally with dopamine in the control of
ingestive behaviour; (e) regulates the intake of protein and (f) controls the relative

proportions of protein and carbohydrate, selectively suppressing carbohydrate intake.

The synthesis of 5-HT is regulated by the supply of its precursor tryptophan across
the blood-brain barrier. Transport is in turn dependent on the ratio of plasma
tryptophan to large neutral amino acids (Wurtman, 1978; 1983). Although brain
synthesis depends on tryptophan from the diet there is a strong defence to protect the
brain from tryptophan deficiency and 5-HT synthesis may not be affected under
normal conditions (Teff et al., 1989). Blundell and Hill (1987a; 1987b) found that

tryptophan affected carbohydrate intake and tryptophan depletion experiments
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decreased protein intake in normal men (Young et al., 1988).

5-HT reacts with at least four main families of receptor, each with many subtypes,
and each has a different regulatory effect on behaviour (Cowen, 1991). From drug
studies it seems that the action of 5-HT, when mediated by 5-HT,, 5-HT,c and 5-
HT, receptors, decreases eating, reduces carbohydrate intake and brings forward the
onset of satiation. Stimulation of the 5-HT,, autoreceptors increases feeding by
inhibiting the release of 5-HT (Leibowitz, 1990). A peak of 5-HT production at the
beginning of the active cycle (night in rats and daytime in humans) preferentially
reduces carbohydrate intake because the onset of satiety curtails the carbohydrate-rich
first meal of the active cycle. S5-HT seems therefore to act antagonistically to
noradrenaline, inhibiting NA induced feeding. This mechanism may be responsible

for switching to a preference for protein at the next meal.

Other neurotransmitters

Neuropeptide Y (NPY) is a potent, centrally acting appetite stimulating agent which
is thought to regulate eating behaviour and body weight (Leibowitz, 1989). Like
noradrenaline it stimulates carbohydrate consumption especially at the beginning of
the active period or after food deprivation. In rats NPY increases the rate and
duration of eating and there is some evidence that increased levels of NPY induce

binge behaviour in people with bulimia (Leibowitz, 1989).

In the short term, galanin stimulates carbohydrate intake and gluconeogenesis at the

beginning of the active period. In the long-term it stimulates fat intake (Leibowitz,
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1989).

Opioids in the brain are thought to be involved in registering the hedonic qualities
of food and learning, associated with recovery from hunger or illness. At least in
infants (rat and human), feeding is calming, raising the pain threshold and reducing
distress (Blass, 1991). The preference for high-fat and sweet foods in adults when

stressed may stimulate the production of opioids.

CONTROL BY THE ENDOCRINE SYSTEM

Several hormones are involved in the control of feeding. Insulin is released in
response to the sight of food and is possibly a satiety hormone. Stimulation of
chemosensors in the duodenum also may be responsible, via a vagal reflex, for the
peak of insulin release between the pre- and post-absorptive phases. This peak may
be the final step in satiation. Corticosterone and insulin act synergistically with

central neurotransmitters and peak at the start of the active cycle.

Cholecystokinin (CCK) is secreted when nutrients, in particular the products of
protein and fat digestion, enter the duodenum. CCK reduces the appetite and
decreases food intake. It inhibits gastric emptying so hastening satiety as the stomach

fills (Liddle et al., 1985; McHugh & Moran, 1986).

Enterostatin seems to regulate the craving for fat. Somatostatin, known to be reduced
in dementia, inhibits food intake in rats and baboons and inhibits most GI hormones

(Lotter er al., 1981). Gastrin slows stomach emptying but does not affect voluntary
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food intake whereas bombesin causes eating to stop sooner but does not affect gastric
emptying. Adrenalin, increases during feeding and may act as a satiety signal.
Calcitonin and glucagon depress feeding. Satietin, vasopressin, adiposocytic satiety

factor, secretin and gastric inhibitory polypeptide are also thought to play roles in the

control of eating.

SUMMARY

The size and composition of the meal is determined by a complex network of neural,
humoral and environmental factors (Blundell, 1991a). A number of mechanisms are
involved, no one mechanism is indispensable but together they provide maximum
adaptive value. By this complex, interconnected mesh of positive and negative
feedback mechanisms, food intake is regulated to compensate for changing nutritional
requirements so that macronutrient supply and body-weight are kept remarkably stable

in normal individuals.
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Chapter 6 POSSIBLE CAUSES OF HYPERPHAGIA IN

DEMENTIA

Eating changes in dementia are of scientific interest, because they raise both the issue
of what the abnormalities are, in the control of eating, and what the mechanisms are.
The causes may be biological or psychological in origin, or a mixture of both, and
the changes may be a ‘marker’ of a particular pathology (Fairburn & Hope, 1988a;
1988b). Many mechanisms may contribute to hyperphagia in dementia and brain
damage, due to dementia, is likely to be a major cause. In this chapter I will briefly
review evidence that some of the mechanisms controlling feeding, reviewed in the

previous chapter, are damaged in Alzheimer’s disease.

BRAIN DAMAGE

The various CNS systems which control eating were discussed in the last chapter.
There is evidence that in Alzheimer’s disease (the most common cause of dementia)

several of these systems are damaged.

a) Hypothalamic damage

The polarisation of the eating disorders found in dementia into hyperphagia or
hypophagia, may indicate which areas of the hypothalamus happen to be most
severely affected. Loss of cell function in the ventro-medial hypothalamus, with a
consequent loss of serotonergic cells, may lead to hyperphagia whereas damage to the
lateral hypothalamus may result in hypophagia. There is no specific evidence on this
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point but hypothalamic damage is well-described in Alzheimer’s disease (Ishii, 1966),

furthermore the amygdala is severely affected in AD (Hirano & Zimmerman, 1962;

Herzog & Kemper, 1980).

b) Temporal lobe damage

In AD the temporal lobes are one of the cortical areas most severely affected with
neurofibrillary tangles and plaques. The Kliiver-Bucy syndrome, which includes
hyperphagia as one of its features, is associated with temporal lobe damage.
Sourander and Sjégren (1970), looked for the six symptoms (listed in Chapter 4) of
the Kliiver-Bucy syndrome in neuro-psychiatric patients; particularly in patients with
Alzheimer’s disease and related disorders. Apart from hypersexuality all the
symptoms were frequent in the 60 cases of Alzheimer’s disease who were examined.
Forty-seven of the 60 patients showed hyper- and heterophagia and the changes in
dietary habits consisted of a strong inclination to eat voraciously - not only food but
all sorts of objects such as gauze bandages, flowers and matchboxes. They found that
morphologically, the temporal lobes of all their patients showing a pronounced
Kliiver-Bucy syndrome, were severely affected. There are other reports of symptoms
of the Kliiver-Bucy syndrome in AD (Jelgersma, 1964; Pilleri, 1966) but Fairburn
and Hope (1988b) found little evidence of features of Kliiver-Bucy syndrome, other
than overeating, in people with dementia who were hyperphagic. The apparent
discrepancy may be in the very different cohorts of patients. Sourander and Sjogren
studied patients with long-standing dementia, who were living in a long-stay hospital
ward. Fairburn and Hope’s subjects, although suffering from moderate and severe

dementia, were still mostly living in the community.
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NEUROTRANSMITTER CHANGES

Many of the changes in eating behaviour are likely to be due to impairment of the
various neurotransmitter systems of the brain, as progressively more cells are lost or
damaged during the course of dementia. Many neurotransmitters, including
catecholamines, acetylcholine and 5-HT, and their associated enzymes and receptors
are reported to be reduced in dementia (for example see Hardy ef al., 1985; Palmer

et al., 1988, McDonald et al., 1991).

a) Acetylcholine

Acetylcholine (known to be involved in memory function) together with choline
acetyltransferase and acetylcholinesterase, are greatly reduced in AD (Hardy e al.,
1985). Some of the changes in meal pattern have been attributed to lack of short-
term memory in AD, which is widely believed to be the result of neuronal loss in the
acetylcholine system of the brain. However, as has been argued (Fairburn and Hope,
1988b), memory loss is unlikely to account for the marked hyperphagia which is the

subject of this thesis.

b) Noradrenaline

Noradrenaline (and probably neuropeptide Y) is significantly reduced in AD, possibly
leading to anorexia (Morley & Silver, 1988). Noradrenaline loss in dementia is
particularly severe in the hypothalamus (Hardy er al., 1985) and there is some
evidence that depletion of noradrenaline in the lateral hypothalamus, resulting from
damage to the ventral noradrenergic bundle, causes hyperphagia and weight gain

(Hoebel et al. 1989) as well as dysregulation of the normal circadian rhythm of
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carbohydrate and protein intake (Leibowitz, 1988; 1990).

¢) 5S-HT (serotonin)

A diminished serotonergic system leads to changes in choice of foods and control of
intake (see Chapter 5). After depletion of 5-HT, using a selective neurotoxin, long-
lasting and stable hyperphagia was shown by rats fed a high-fat diet. This led to
increased adiposity (Waldbillig er al., 1981). In dementia, 5-HT and its metabolite
5-HIAA are reduced in many parts of the brain including the hypothalamus and
cortex, especially in the frontal areas (Hardy et al., 1985; Nazerali, 1992). This
reduction may relate to several behavioural changes, including overeating.
Carbohydrate foods are postulated to increase the availability of the 5-HT precursor,
tryptophan, for transport across the blood-brain barrier. Fenfluramine was used to
stimulate the brain 5-HT system, in 12 subjects with probable AD (Cooper &
Mungas, 1992). The results suggested that sweet-food craving might be due to
chronic understimulation of the 5S-HT receptors, which have consequently been up-

regulated to compensate for the damage to the 5-HT system.

d) Somatostatin
Somatostatin is a neurotransmitter which is known to suppress feeding. A reduction
in somatostatin is consistently found in AD and has been correlated with the severity

of the disease (Hardy, et al., 1985).
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PSYCHOLOGICAL CAUSES

In people who are not demented, overeating can be the result of psychological causes;
this raises the question of whether such causes could make a significant contribution

to hyperphagia in dementia. I will consider the possible contribution of bulimia

nervosa and of anxiety.

a) Binge eating

Binge eating is seen in the psychiatric illness bulimia nervosa (see Chapter 4).
Although bulimia nervosa is normally diagnosed in young women, there have been
reports of it developing in older people (Hsu & Zimmer, 1988). Could hyperphagia
in dementia be a form of bulimia nervosa? This will be discussed further in Chapter
11, where I will argue that the beliefs and characteristics of bulimia nervosa - the
extreme concern over shape and weight - are absent in dementia and that the

resemblance between bulimia nervosa and hyperphagia in dementia is superficial.

b) Agitation, stress and depression

Stress can cause hyperphagia in animal models (Stricker, 1978). In normal people,
stress may cause overeating especially in the elderly (Meyer & Pudel, 1972) and may
lead to hyperphagia in 11% of people (Meyer et al., 1980). Depression and boredom
(inactive stress) can also increase appetite. Boredom was reported to increase appetite
in 27.5% of people. In Levine and Billington’s review (1991) even higher
percentages of people are reported to eat more when stressed; 46% of those eating

more had a preference for sweet food.
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Cognitive impairment can be very stressful as the environment may seem unfamiliar,
carers cannot be recognised and people do not know where they belong or what is
happening to them. Agitation increases in the middle stage of dementia raising
energy requirements (Rheame et al., 1987) but, in spite of the greater intake, people
with dementia may still stay thin. Many people, particularly in the earlier stages of
dementia, show various symptoms of stress and depression. In dementia, overeating,
especially if it involves eating sweet, highly palatable foods, may have a calming
effect, perhaps mediated by endogenous opioids or increased 5-HT production
following a high carbohydrate, low-protein diet. Although stress may account for
some increase in eating, it seems unlikely to account for the marked hyperphagia

described in this thesis.

OTHER POSSIBLE CAUSES

The results of some of the experiments reported in this thesis suggest that the
mechanisms controlling satiation and satiety are damaged. Since the CNS is a major
site for these control mechanisms, the most likely cause of such dysfunction is brain
damage and brain damage is extensive in Alzheimer’s disease, presumably being the
main cause of the cognitive impairment. However, it is possible that in AD there is
also damage to some of the mechanisms controlling eating which are outside the
CNS. This would be an interesting area for further study. In Chapter 5, some of
these mechanisms were discussed, such as feedback mechanisms involving GI tract
receptors and hormones such as CCK. Nothing is known of the effects of dementia
on these mechanisms but there is evidence that complex homeostatic mechanisms are

likely to become less responsive with age. If dementia is an extreme form of ageing,

60



hyperphagia may occur in people whose homeostatic control of eating is
dysfunctional, in particular the mechanisms controlling satiation and satiety. These

hypotheses are examined in Chapters 9, 11 and 12 of this thesis.

There are several other factors which have not been discussed previously in this
introduction and which might contribute to hyperphagia. These are discussed briefly

below.

a) Malabsorption

There is some evidence to suggest that malabsorption of food may be found in AD
(Abalan, 1984). This could, in theory, result in compensatory hyperphagia.
However, Singh er al. (1988) did not find malabsorption in AD. They demonstrated
that although AD patients on average weighed 21% less than non-demented controls
in hospitals and 14% less than vascular dementia patients, the weight loss, found in

AD, was not caused by malabsorption or by any obvious deficit in food intake.

There is also some evidence that tryptophan malabsorption occurs in dementia
(Lehman, 1979; Lehman er al., 1981). The brain is usually well-protected against
tryptophan deficiency but if there is malabsorption, combined with low-protein meals,

this could affect 5-HT synthesis.

Whether or not malabsorption occurs in some people with hyperphagia it seems
unlikely that this is the main mechanism for hyperphagia because those who are

hyperphagic normally put on weight, to more than their premorbid level (Hope et al.,
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1989; Morris er al., 1989). The hyperphagia, therefore, does not appear to be a

response to malabsorption.

b) Sensory deficits

(i) Sense of smell and taste (Cephalic senses) - Many senses are blunted in old age
and this is often more extreme in dementia (Esiri & Wilcock, 1984). The sense of
smell is often impaired at an early stage in dementia. In normal people the stimuli
from taste and smell contribute to the feeling of satisfaction (satiation) on eating.
People who lose their sense of smell or taste may need to monitor their food intake
consciously to avoid overeating but people with dementia are unlikely to be aware that

they are eating too much.

A marked preference for sweet foods in dementia might be because, with a deficient
sense of smell, food is only sensed by the tongue receptors (these mainly detect
sweet, salt, sour and bitter tastes). Increased consumption of sweet foods might
encourage overeating as sweetness is known to stimulate food intake (Rogers &
Blundell, 1989a; 1989b). Sweet foods are usually rich in carbohydrate, and are often
high in fat, which might also contribute to overeating as carbohydrate and fat are less
satiating than protein (Blundell ez al., 1987). Eating, especially sweet foods, may be
a source of pleasant sensory stimulation in conditions of deprivation. A decreased
ability to taste or smell could explain the indiscriminate intake of noxious substances

frequently observed in dementia.
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(i) Gastro-intestinal sense cells - Although in humans many other factors are
involved, satiety can be regarded as being a conditioned reflex (Stunkard, 1975;
Booth, 1977). Even if there is no memory of how much food has been eaten
previously, internal cues of incipient satiety might still be expected to determine
future intake if such reflexes are still intact. If receptors in the GI tract are affected
by dementia, damage to the cells, which monitor such things as gastric distension,
energy density and metabolite concentration of the food in the GI tract, could explain
increase in food intake, change in macronutrient choice, inability to compensate for

previous food intake and lack of discrimination.

¢) Drugs

Some drugs cause weight gain. These include neuroleptics, tricyclic antidepressants
and lithium carbonate (Silverstone, 1985). These are commonly prescribed in
dementia. Tricyclic antidepressants have the side effect of creating a craving for
sweet foods. Stein er al. (1985) found that tricyclics caused increased appetite in
38% of elderly patients, a craving for sweet foods in 34 %, and 48% showed one or
both changes. The question of whether drugs are associated with hyperphagia is
examined in Chapters 8 and 15. The conclusion is that they are not. In any case,
the reported effect of drugs on food intake is much less than would account for much

of the hyperphagia seen in dementia.
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d) Cognitive deficiencies

(i) Loss of memory - It is evident that sufferers from dementia forget that they have
eaten. Carers often account for the consumption of repeated meals, and hyperphagia,
by forgetfulness (Fairburn & Hope, 1988b). However, this is not an adequate
explanation of the hyperphagia seen in dementia, for two reasons. First, even if
people have forgotten that they have just eaten, the mechanisms controlling food
intake (e.g. mechanisms controlling hunger and satiety) should prevent further food
consumption, and secondly, many people with dementia, who are unable to remember

that they have just eaten, do not continue to eat.

(ii) Misinterpreting body signals - There is a possibility that people with dementia
have a problem interpreting body signals and identifying the sensations leading to
satiety (Norberg & Athlin, 1989). This happens in some other eating disorders where
sensations such as pain, discomfort or emotional tension are interpreted as hunger
(Bruch, 1974). Although this is unlikely to be the cause of excessive intake of food
during test meals, it could account for frequent requests for food or for constant

snacking.

(iii) Loss of social inhibition - Mild cases of hyperphagia may be due to loss of
social inhibition. People with dementia are usually no longer concerned with fear of
putting on weight or of other people’s disapproval of overeating or ‘greediness’. This
might account for people finishing off boxes of chocolates or packets of biscuits but

it is unlikely to account for the marked cases of hyperphagia.
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(iv) Loss of self-restraint in former dieters - Many people consciously limit their
food intake to avoid putting on weight. If people who previously restricted their food
intake lose their self-restraint, as the dementia progresses, they may persistently
overeat. This would apply particularly to former chronic dieters who, forgetting or
losing their former self-control as dementia progresses, increase their food intake with
an accompanying gain in weight. Hope and colleagues considered this explanation.
In the people they studied, with hyperphagia, none had been ‘dieters’ prior to the
onset of dementia (Hope et al., 1989; Morris et al., 1989). This has been confirmed

by this present research.

e) Secondary to change in activity

A high proportion of people with dementia become more active for many different
reasons (Hope & Fairburn, 1990), consequently some of the increase in food intake
could be compensating for hyperactivity. Rheaume and colleagues (1987) gave three
overactive patients and three controls, whose activity was normal, a standardised diet.
From pedometer readings it was calculated that energy expenditure of walking, for
the group who paced excessively, required an estimated extra 1600 kcals (6700 kJ)
a day to keep their weight constant. However, most people with hyperphagia are not
hyperactive, and some who are hyperactive still put on weight. Although there is a
sub-group in whom hyperphagia might be a compensatory response to energy output

through hyperactivity, this does not account for the majority of people who are

hyperphagic.
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f) Hypermetabolic state

Wolf-Klein er al. (1992) suggest that there may be a hypermetabolic state in AD.
They reported that 92% of patients with AD lost weight in the course of a year
whereas 57% of normal controls had gained weight. There was also a frequent and
highly significant craving for sweet food in the Alzheimer group, who had often been
described as ‘cookie monsters’ although they had lost weight. The reported loss of
weight may be the result of lack of access to food, and reliance on carers to select
and provide food, but the authors also suggested that the increased carbohydrate
intake may be linked to altered cellular glucose metabolism (Blass & Zemcov, 1984;
Sims et al., 1987). Although hyperphagia might be a method of compensating for
increase in metabolic rate or for increased activity, Prentice et al. (1989) found no
evidence of hypermetabolism or hyperactivity to account for the acute weight loss in
elderly mental patients, including those with dementia. Their average daily intake
was 6.3 MJ a day and their expenditure was only 6.1 MJ a day. As with the
explanation that hyperphagia might be secondary to overactivity, hypermetabolism as
an explanation would expect a link between hyperphagia and loss of weight, whereas

many of those with hyperphagia gain weight.

g) Loss of circadian rhythm

Circadian rhythms often become disrupted in dementia, resulting in a loss of the
normal pattern of sleep and wakefulness (Prinz et al., 1982; Prinz & Vitiello, 1993;
Bliwise, 1993; MRC study, unpublished data). Disturbance of the circadian rhythm
could disrupt the normal adult pattern of three or four main, daytime meals, each

followed by several hours of satiety. When people ask or search for food between
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meals or at night, it could be the result of losing the normal rhythm and might give
the impression of the constant hunger, which is frequently reported by carers.
However, this explanation would not account for the excessive size of meals eaten by

people who are hyperphagic.

h) Stereotypy
There are many examples of stereotyped behaviour in people with dementia. It could
be argued that overeating is a form of stereotyped behaviour in which eating is the

pattern of behaviour which is repeated. This possibility is examined in detail in

Chapter 14.

CONCLUSION

Many mechanisms, both physiological and psychological might contribute to the
hyperphagia observed in dementia. However, the marked hyperphagia, often
accompanied by weight gain, would seem most likely to be due to brain damage,
which is the central cause of dementia itself. This brain damage can be fruitfully

considered both in terms of anatomical site and the neurotransmitter affected.
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SECTION 2 EXPERIMENTAL SECTION

THE AIMS OF THE STUDY

Hyperphagia in dementia is a clinically significant behaviour problem in Alzheimer’s
disease. It is also a remarkable phenomenon as it appears to be one of the most
marked examples, in humans, of damage to mechanisms which control food intake.
Animal studies, and work with healthy human volunteers, have provided considerable
information both on the mechanisms which control the intake of food and some
experimental paradigms. Up to now the phenomenon of hyperphagia in dementia has
only been the subject of anecdotal reports. The central purpose of the research

reported here is to examine the phenomenon in detail, using experimental methods.

The specific aims of the study are:

1. to characterise in detail the nature of this overeating;

2. to develop standardised methods for defining and measuring overeating;
3. to investigate some possible mechanisms to account for the overeating;
4. to investigate the natural history of hyperphagia in dementia.
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Chapter 7 THE RANGE AND PREVALENCE OF

ABNORMAL EATING IN DEMENTIA

Although many studies have noted changes in eating behaviour and the problems these
can pose for carers, little is known about how common eating problems are, or about
their natural history. The most detailed information about these issues has been
collected during the course of the long-term study into behaviour changes in dementia
funded by the Medical Research Council (MRC study), which was mentioned briefly

in Chapter 3.

I worked on this study as a research assistant for the first 42 years. In this chapter
I will present data, from the MRC study, on abnormal eating in general, and
hyperphagia in particular. Together with one other research assistant I have carried
out the analyses presented. However, in contrast with work presented elsewhere in
the experimental section, I did not initiate and design the study itself. This was done

by my supervisor, Tony Hope, and Chris Fairburn.

MEDICAL RESEARCH COUNCIL (MRC) LONGITUDINAL STUDY

In 1988-89 a cohort of 104 elderly people with dementia were recruited through

general practitioners or hospital-based old age psychiatry teams.

The entry criteria were:

1.  Diagnosis of dementia (using DSM-III criteria) confirmed by history and
examination.
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2.  Living at home, with a carer capable of giving a clear account of the day-to-

day behaviour.

Exclusion criteria were:
1. Evidence (from history, examination and investigations) of a cause for
dementia other than AD or vascular dementia.
2. History of alcohol intake greater than 30 units a week, for more than two
years, at any stage in the past.
3. The carer did not appear to be able to give an accurate account of the day-to-

day behaviour of the subject.

Potential subjects were assessed using the CAMDEX interview (Roth et al., 1986),
described on page 72, and were given a full dementia screen. The mean Mini-Mental
State Examination (Folstein et al., 1975) score, at the point of entry, was 14.9 (S.D.
7.1; range 0-28; median 15). The Mini-Mental State Examination involves asking the
subject a number of questions which test memory, orientation in time and place and
other intellectual abilities. The maximum score is 30. Most normal people score 30.

A score of less than 25 strongly suggests brain damage.

The clinical diagnosis of AD and/or vascular dementia was supported with data from
a CT scan in the majority of cases. There were 55 men and 49 women in the cohort
with a mean age of 77.6 (S.D. 6.97, range 60-95) at the time of entry into the study.
Since recruitment, each subject and carer have been followed up at four-monthly

intervals using the following instruments:
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b)

The Present Beliaviour Examination (PBE)

This is a semi-structured interview with the carer (Hope & Fairburn, 1992).
It covers the period of the previous four weeks. Ratings are made of a wide
range of abnormal types of behaviour. There are 121 main questions and a
further 66 ‘nested’ questions i.e. questions which are only relevant if a

specific main question is answered positively.

Cognitive tests on the subjects themselves

MRC memory tests - The Medical Research Council’s Alzheimer’s Disease
Workshop, 1987, produced a series of questions to test different aspects of
memory and cognitive function. The test incorporates questions from the
Mini-Mental State Examination (MMSE), CAMDEX and Geriatric Mental

State (Copeland et al., 1976).

The Rivermead Behavioural Memory Test - This battery of tests, originally
devised for people recovering from stroke or head injury, consists of more

practically based memory tests.

The National Adult Reading Test (NART) - This is designed to estimate
premorbid IQ, based on the subject’s ability to pronounce correctly words
with unusual spellings, e.g. ache and simile (Nelson & O’Connell, 1978).

This was given once a year.
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3. Past Behaviour History Interview (PBHI)

This interview, based on the PBE, was used once only with each carer, soon
after the first PBE. It covered a similar range of questions about behaviour
to the PBE but referred to any change in behaviour which had occurred from
the time the first symptoms of dementia were noticed until the time of the

interview.

4. Cambridge Mental Disorders of the Elderly Examination (CAMDEX)
Interview
CAMDEX was used once, at the initial screening interview, together with a
physical examination, to obtain the best clinical diagnosis. The interview
includes an extensive cognitive assessment of the subject (CAMCOG) and an
interview with the carer to obtain the history of the onset of dementia, past
medical history (such as head injury, drink- or drug-related problems and
other information which might indicate the probable cause of the dementia),

an assessment of current behaviour and relevant family history.

The PBE, MRC and Rivermead tests were repeated at four-monthly intervals, in some
cases for more than six years, to track the course of any behaviour changes. Six
people withdrew during the course of the study and thirteen are still alive and in the
study. Of those who have died, 55 have come to post-mortem. This has provided
histological diagnoses and also biochemical analyses are being carried out to correlate

brain pathology with behaviour.
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One section of the PBE is concerned with abnormal eating behaviour, including
hypophagia and hyperphagia, changes in food choice and changes in drinking

behaviour.

CHANGES IN EATING BEHAVIOUR

1. Point-of-entry data (Eating behaviour noted by carer in last four weeks)

The information from the first PBE gave the prevalence, in this particular cohort of
104 subjects, of different types of eating behaviour during a period of four weeks

immediately preceding the interview.

Table 7.1 gives the percentage of the total sample who rated positively (i.e. the
behaviour was observed by the carer at least once in the preceding month) at each
subject’s point of entry into the study. This therefore gives point prevalence for a

sample consisting mainly of people in the early to middle stages of dementia.

As a source of epidemiological data this sample is not ideal as it was not a random
sample from the population. Subjects were recruited from people with dementia,
known to the medical services and living at home with a carer. It is not clear,
however, what systematic biases are likely. Possibly carers are more likely to have
consulted a doctor if there have been behavioural problems, therefore the eating
disorders might be over-represented in this group. By the time the medical services
are consulted, dementia is usually apparent, so this sample does not include the very

early stages or the very late stages when carers can no longer cope at home.
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Table 7.1 Eating changes reported at point-of-entry PBE (n = 104)

INCREASED EATING AND EVIDENCE OF WANTING MORE
FOOD

Eating more than premorbidly

Eating at least 50% more than premorbidly

Eating more sweet food if given the chance

Eating more non-sweet food if given the chance

Asking for more food

Carer restricts food as response to overeating

Eating food between meals (apart from a routine snack)

EVIDENCE OF EATING LESS FOOD

Eating less than premorbidly 40%

CHANGE IN FOOD CHOICE

Food choice changed from premorbidly 33%
More sweet or carbohydrate foods chosen 13%
Less savoury food chosen 5%
More savoury or strongly flavoured food preferred 7%
Loss of discrimination or will eat anything 5%

OTHER CHANGES IN EATING BEHAVIOUR
Putting food in inappropriate places
Pica - eating inedible substances

- eating inappropriate substances
Oral behaviour

2. Longijtudinal data

Longitudinal data were collected to find at what stage in dementia the behaviour

changes started, how long they persisted and their outcome. There were two sources

of this information. The first source of information came from the serial PBEs which

gave a one-month sample every four months from the point of entry onwards until the

person died. The number of interviews varied (see table 7.2) from those who

received a single PBE (7%) to those who have been followed-up for more than five

years (19%).
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Table 7.2 Numbers of PBEs per subject

Number of PBEs Number of subjects (n =104) ||
1 7
2 8
3 6
4 5
5 5
6 4
7 5
8 12
9 4
10 7
" 11 7
12 5
13 3
|| 14 5
15 3
" 16 0
17 6

18 5 I
19 5
20 1
21 1

The second source of information was from the PBHI which gave information about
behaviour changes since the onset of the disease. The data given below are based on

these two sources of information.

PREVALENCE OF EATING CHANGES OVER THE COURSE OF
DEMENTIA

To give the best estimate of prevalence over the entire dementing process these
figures exclude the 13 people who are still alive and the six people who withdrew
during the course of the study as there is no information of changes in the late stages

of dementia.
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Prevalence of eating more

Analysis of the PBHI and all the PBEs shows that, of the 85 subjects followed
through the whole course of dementia until death, 28 (33%) ate more at some stage
in their illness (see table 7.3). Of the 28 rated as eating more, 7 (8%) were said to
eat at least 150% of their premorbid intake. If sweet food was accessible, at least 20
(24 %) would continue to eat until it was finished and 9 (11%) were reported to

continue eating any non-sweet food available until there was no more left.

Carers of 22 (26%) subjects took active steps to limit food intake by hiding sweets
and biscuits and restricting food at mealtimes.

Table 7.3 Prevalence, over entire course of dementia, of eating more food

Summary of items

Eating more than premorbidly

Eating between meals (apart from a routine snack)

Eating more non-sweet food when given the chance

Eating more sweet food when given the chance

Prevalence of wanting more food

Although some subjects were not able to express themselves verbally and some were
immobile, 28 (33 %) had shown they wanted more food either by searching or asking
for more food (see table 7.4).

Table 7.4 Prevalence, over entire course of dementia, of wanting more food

I Summary of items

Evidence that would eat more if not restricted

Evidence of wanting more food by asking or searching
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Prevalence of change in food choice

A preference for sweet foods was shown by 47 (55%) although 21 (25%) had always
enjoyed sweet foods. Another 4 were prevented from eating sugary foods because
of diabetes. Thirteen (15%) subjects became less discriminating and would eat
anything including foods they used to dislike (see table 7.5).

Table 7.5 Prevalence, over entire course of dementia, of change in food
choice

Food choice changed from premorbidly 67 %
Changes included:-
More sweet or carbohydrate foods chosen 31%
More savoury or strongly flavoured food preferred 5%
Loss of discrimination or will eat anything 15%
Other change in choice 2%
4 had sweet food limited for health reasons (diabetes)

Prevalence of eating less

At some stage during the course of dementia, 64 (75 %) people were reported to have
eaten less than they did premorbidly, with 41 (48 %) of them eating two-thirds or less
than prior to memory problems. Some people showed fluctuating appetite with 17
eating more than premorbidly at one stage and less at another. In 15 of these 17

(88 %) overeating was followed by undereating, in the later stages of dementia.

Other eating changes

Thirteen people ate inappropriate foods, either eating inappropriately large amounts
of foods such as mint sauce, horseradish sauce, marmalade or cream, or eating
unsuitable foods such as pet food, potato peelings, raw meat or uncooked rice. It is
unclear whether this behaviour is the result of hunger, confusion or mis-identification.

Nineteen (22 %) people put things which were not food into their mouth and chewed
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or swallowed them. They frequently tried to eat anything small which came to hand
such as paper tissues, table mats, soap or plants. ‘Oral behaviour’ such as feeling
things with the mouth (as seen in the Kliiver-Bucy syndrome), was reported in 13

(15%).

Carers of 39 (46%) subjects found food which had been put in odd places such as in
wardrobes, pockets or the down the sides of chairs. The reasons for this varied,
sometimes it was because the food was not wanted, it was stored for future

consumption or sometimes it seemed to be the result of confusion (see table 7.6).

Table 7.6 Prevalence, over the entire course of dementia, of changes in eating
behaviour

Summary of items Severe ** Total %
Putting food in inappropriate places 15 46 % I
Pica - inedible objects in mouth 22%
Pica - inappropriate food 15%
Oral behaviour 15%

* mild = has occurred on up to half the days for at least one month

o severe = has occurred on half of the days or more for at least one month

As coordination and cognition decreased, eating gradually became more difficult, food
was spilt and people gulped food or spat it out. Problems with teeth, or lack of teeth,
made chewing difficult for 20 (24 %) subjects and 25 (29 %) had difficulty swallowing
food and usually needed a soft diet or puréed food. Some 48 subjects (56%) have
inappropriately used their hands when eating, 54 (64 %) had difficulty using cutlery
and 5 (6%) used unusual utensils for eating, for example using a carving knife or

cutting a cake using keys. Eventually many people are only given a spoon, and, in
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the final stages of the illness, 27 (32) people needed to be fed.

CONCLUSION

The results of the longitudinal study described in this chapter show that eating

changes are frequently seen in dementia and there is a wide range of such changes.
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Chapter 8 RECRUITMENT AND INCLUSION/EXCLUSION
CRITERIA FOR EXPERIMENTAL SUBJECTS

AND THEIR CONTROLS.

In the remainder of the experimental section of this thesis I will report the results of
a series of experiments to investigate in detail the phenomenon of hyperphagia in

dementia.

Many of these experiments involved three groups of subjects:

1) Subjects with both dementia and hyperphagia (the experimental group).

2) Subjects with dementia who were not hyperphagic (the demented, non-
hyperphagic controls) - matched for age, sex, type and degree of dementia

with experimental subjects.

3) Normal (non-demented) elderly subjects, age and sex-matched with the

experimental group (normal controls).
However, as will become obvious (see Chapter 9), the definition of a ‘hyperphagic’

subject is by no means clear. In this chapter, I will describe the methods for the

recruitment of subjects, and the criteria for inclusion.
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RECRUITMENT AND DIAGNOSES OF SUBJECTS

Subjects for these studies were recruited from a variety of sources: five local
psychogeriatric wards; a number of local nursing homes; community psychiatric
nurses and two local research studies of people with dementia. The criteria for
referral of potential subjects were: that the person had been diagnosed as suffering
from dementia; that the main carer reported evidence of the person overeating or of

wanting more food.

Consent

All stages of the study were approved by the Psychiatric Sector Research Ethics
Committee. As most potential subjects were not capable of giving informed consent,
the subject’s next-of-kin, or other main carer as appropriate, was contacted. The
project was explained and consent, both for the experimental procedure and for
videotaping, was obtained verbally. This was followed up by a letter explaining the
conditions under which videoing would be carried out and also stating the methods

taken to ensure confidentiality.

Verbal and written explanations for each stage of the study were given to the next-of-
kin. They were asked to read a resumé of the procedure and, if they were in
agreement with the study being carried out, to fill in and sign standard written

consent forms.
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Diagnosis

The CAMDEX (Roth et al., 1986) was administered to both the carers and subjects
(see previous chapter). Additional information was obtained from the subject’s
medical and psychiatric notes when available; the GP’s notes; data from the OPTIMA
and MRC studies, when relevant and, in some subjects, there were results of a brain
scan (CT or SPET). The OPTIMA study is an independent study of dementia in

Oxford in which subjects receive a detailed diagnostic work-up.

From all this information the best diagnosis was made for the cause of dementia using
the NINCDS-ADRDA criteria (McKhan et al., 1984) for Alzheimer’s Disease and
making use of the Hachinski Ischaemic Score (Hachinski et al., 1975), which is the
most widely used scale for helping to diagnose vascular dementia. Of the 18 subjects
identified as hyperphagic and included in the study, 16 were diagnosed as pure AD
and two were diagnosed as having dementia of mixed origin. In the absence of post-

mortem examination, these diagnoses remain uncertain.

Additional information

The carers were also asked questions from the eating sections of the Present
Behavioural Examination (PBE) and Past Behavioural History Examination (PBHI)
augmented by questions on current walking behaviour, stereotyped and obsessional
behaviour. On the day of the test-meal, the subject’s weight and medication were

recorded, as well as food intake for the whole day, both before and after the test-

meal.
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INCLUSION AND EXCLUSION CRITERIA

A. Reported hyperphagic demented group

Of the people with dementia who were reported to overeat, only subjects who fulfilled

the following criteria were eligible for entry into the study.

1. Inclusion criteria
a) Diagnosis of dementia.
b) Probable cause of dementia: Alzheimer’s Disease, vascular dementia or both.
c) Carers reported in answer to PBE questions (see Appendix I) that subjects
showed signs of overeating. The specific criterion was that at least one of the
following obtained:

)] They were currently eating more than before the onset of dementia
(i.e. question 70 was rated 4).

(ii)) They frequently showed signs of wanting more food, either by
searching or asking for more (i.e. either of PBE questions 74 or 75
were rated 3 or more).

@iii) They ate distinctly more than normal when extra food was available

(i.e. either of questions 76 or 77 was rated 2 or more.

2. Exclusion criteria
a) Dementia had a cause other than AD or vascular dementia e.g. Pick’s disease
or dementia due to Parkinson’s disease.

b) A diagnosis of diabetes mellitus.
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¢) A premorbid history of heavy alcohol intake i.e. regularly exceeding 30 units
a week for a period of more than two years.

d) A serious head injury which might have contributed to the dementia.

B. Demented, non-hyperphagic controls

Controls were recruited using the same sources as for the hyperphagic group.

1. Inclusion criteria

a) Diagnosis of dementia.

b) Probable cause of dementia: Alzheimer’s Disease, vascular dementia or both.

c¢) The carer reported that the subject did not show signs of hyperphagia i.e. the
carer’s answers to PBE questions confirmed that there were no signs of an
excessively large appetite or of an abnormally large food consumption.

d) Capable of feeding themselves.

e) Neither severely emaciated nor very obese i.e. body mass index (BMI)

between 15 and 35 (see table 8.1).

2. Exclusion criteria

As for experimental group.

3. Matching to experimental group
Each control was individually matched with a member of the hyperphagic group.
Controls were matched for:-

a) age - within 3.5 years of the subject’s age;
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b)

d)

Sex;

same type of dementia - both control and subject had the same clinical
diagnosis of either AD, vascular dementia or probable mixed cause of AD and
vascular dementia;

same degree of dementia - with a Mini-Mental State Examination (MMSE)
score no more than 4 points above or below the subject at the time of

recruitment.

C. Normal elderly controls

Normal controls were recruited mainly from amongst carers of subjects in the MRC

study or this study. They were screened for eating abnormalities, using a modified

version of the PBHI (see Appendix III), and also checked for symptoms of dementia

using the MMSE.

1. Inclusion criteria

a)
b)

Normal appetite and eating habits.

Body mass index (BMI) between 15 and 35 (see table 8.1).

2. Exclusion criteria

a)
b)

Signs of dementia (MMSE <24).

Currently dieting to lose weight.
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Matching to experimental group
Each control was individually matched with a member of the hyperphagic group.
Controls were matched for:-

a) age - within 3.5 years;

b) sex.

ENTRY INTO THE STUDY

a) Reasons for non-inclusion of subjects into experimental group

During the initial screening of people who were described as overeaters, the main
reason for non-inclusion was evidence of diabetes mellitus. After passing the initial
screening, two possible subjects died before the first meal, and for one woman,
illness (influenza) stopped the overeating behaviour before the first meal was

arranged. She did not recover her excessive appetite during the following 12 months.

b) Reasons for exclusion of hyperphagic subjects after initial meal(s)

Thirty-four people, reported to be hyperphagic, were assessed by being given one or
more meals. Two were subsequently found to have a diagnosis of dementia other
than AD or vascular dementia, two were apparently mis-reported as hyperphagic,
three had strong evidence of hyperphagia in the past but were no longer hyperphagic,
and one refused to cooperate. Twenty-six subjects reported to be hyperphagic were
entered into the experimental cohort (the reported hyperphagic group). Seven of
this group were not followed through beyond the first meals, because although there
was good reported evidence of hyperphagic behaviour, they appeared to be restraining

under experimental conditions. One person was followed up for a year as she had
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some features of hyperphagia but she never exceeded the threshold to enter the

experimental group (see next chapter).

For the series of experiments a pool of 18 of the people reported to be hyperphagic
were included in the ‘observed hyperphagic group’. This group of subjects
therefore were both reported to be hyperphagic and were observed to be hyperphagic
under experimental conditions, i.e. they exceeded a stringent threshold (see Chapter
9) during at least one of the initial test meals. Two control groups were screened and
entered into the study, they consisted of 14 non-hyperphagic demented people and 14
normal elderly people. Each of the 14 people in the two control groups were
matched with one person from the experimental group for the characteristics specified

above.

COMPARISON OF THE EXPERIMENTAL AND CONTROL GROUPS
Age
All the controls were matched individually within the prescribed age range. The

mean age of the three groups were:

Observed hyperphagic demented group -75.3 years (S.D. 8.0; range 54-91; n=18).

Non-hyperphagic demented controls - 77.6 years (S.D. 6.3; range 67-89; n=14).

Normal elderly controls - 76.2 years (S.D. 8.4; range 55-87; n=14).

87



Sex

In each of the three groups there were 5 men, with 13 women in the experimental

(observed) hyperphagic group and 9 women in each of the two control groups.

Degree of dementia

The mean MMSE, at the point of entry, was 3.7 (S.D. 5.3; range 0-20) for the
hyperphagic group and 4.6 (S.D. 5.5; range 0-17) for the non-hyperphagic demented
controls. The CAMCOG scores (the cognitive section of the CAMDEX interview)
were 15.7 (S.D. 15.7; range 0-67) and 15.4 (S.D. 16.2; range 0-45) respectively.

No-one in the normal elderly group showed signs of dementia; their mean MMSE

score was 28.1 (S.D. 1.1; range 26-30).

Body 1nass index (BMI)

Had there been a significant difference in obesity or emaciation between the three
groups, it might have reflected very different levels of normal food intake between
the groups and might have affected the amount eaten in test meals. Obesity is
measured by the body mass index, or Quetelet index (see table 8.1) -

BMI = weight (kg) / height (m?).

In elderly people BMI is often difficult to assess as it is sometimes difficult to
measure height if people cannot stand up straight, especially with demented patients
who do not understand instructions. Also it is difficult to weigh severely demented

people.
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Observed hyperphagic group

Mean BMI was 25.2 (S.D. 4.1; range 19.0 - 31.1; n=17).

Non-hyperphagic demented controls

Mean BMI was 23.9 (S.D. 3.85; range 16.6 - 29.5; n=14).

Normal elderly controls

Mean BMI was 25.3 (S.D. 3.7; range 19.9 - 33.5; n=14)

Table 8.1 Body mass index

BMI (range) Description |

Normal
Grade 0 19-24.9 normal range

Overweight and obesity

Grade I 25-29.9 overweight (trivial risk)
II 30-39.9 obesity (significant risk)
III 40+ severe or morbid obesity

Underweight and emaciation
Grade I 15-18.9 underweight
II under 15 emaciation

The three groups were similar in their BMI, and the differences between the groups

were not significant (independent t-test). More of the observed hyperphagic group
had gained weight at some stage during the course of dementia (13/17) than the non-
hyperphagic demented group (3/14). This difference was significant (chi square: after

Yate’s correction: 7.2, p = 0.007).

Medication
The carer was asked for a list of current medications to check for drugs such as major

tranquillisers which might increase appetite and food intake. At the point-of-entry
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meal, 9/18 (50%) of the hyperphagic group and 3/14 (21%) of the non-hyperphagic
demented controls were taking such medication. The difference between the two
hyperphagic groups was not significant (chi-square after Yates’ correction: 1.7, p =
0.20). None of the 14 normal control group was taking medication which might

increase appetite.

Past eating behaviour

One possible explanation for overeating in dementia is that people who previously had
dieted to lose weight or who had always been careful to avoid putting on weight had
now lost their former self-control. Questions in the PBHI asked carers if the person
with dementia had ever dieted or shown concern about body weight before the illness
started. None of the 18 people in the hyperphagic group had ever dieted or shown
concern over their weight. Premorbidly, four of the non-hyperphagic demented
control group had dieted to lose weight. In the normal elderly control group, no-one
was currently on a diet to lose weight although three had restricted their food, to

prevent weight gain, in the previous 5 years.

Present eating and drinking behaviour

There is an apparent paradox in that some people in the hyperphagic group were
currently reported to eat less than premorbidly in spite of being described as
overeating. One reason for this was that carers were limiting access to food (12/18
of the hyperphagic group, whereas none of the 14 non-hyperphagic controls was
limited), and also as people get older their energy requirements are lower, partly

because usually they are less active. None of the normal elderly group had eaten
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more in the previous five years and six had eaten definitely less. Six of the
hyperphagic group, but none of the non-hyperphagic controls, had a tendency to drink
more (non-alcoholic drinks) than premorbidly. This difference was significant

(Fisher’s exact test: p = 0.013, 1-tail).

Changes in food choice were markedly different between the demented and non-
demented groups. Of the eleven carers of people in the hyperphagic group, who
knew enough about the subject’s previous taste in food, nearly two-thirds (7/11)
reported that they now preferred sweeter foods or ate anything indiscriminately. Five
out of 13 in the demented control group reported such changes. This was not a
significant difference (chi-square after Yates’ correction: 0.67, p = 0.41). None of
the normal elderly said they preferred sweeter food now. Indeed, any change was

towards a ‘healthier’ diet more fish, pasta, fibre and less alcohol.

Questions were asked to see if the types of behaviour associated with overeating in
dementia had similarities with Kliiver-Bucy syndrome (see Chapter 4). Some of the
other characteristics of the syndrome were found in a proportion of individuals in
both the demented groups but were more frequent in the hyperphagic group (table
8.2). The frequency of each of these types of behaviour was not significantly

different between the two groups.
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Table 8.2 Features of Kliiver-Bucy syndrome

Results of PBHI/PBE Hyperphagic, Demented,

(Behaviour reported by carer of any demented non-

changes in the past) group hyperphagic
controls

Oral behaviour 1/16 0/14
Non-food pica 8/17 5/14
Eating inappropriate food 4/18 1/13

7/16

Hypermetamorphosis 4/14

Present walking behaviour

Excessive food intake could be the result of overactivity (Rheame ez al., 1987). Ten
of the 18 in the hyperphagic group were reported to be hyperactive, which might
contribute to their overeating (only 3/14 of the non-hyperphagic demented were
described as overactive). This was not a significant difference (chi-square after
Yates’ correction: 2.5, p = 0.11). Although some of the non-hyperphagic demented
controls had limited mobility, the normal elderly control group were all mobile and
several were considerably more active than average, cycling or walking more than

normal for their age group.

Addiction

It has been argued that it is possible to become addicted to food (Orford, 1985).
There was some evidence of other addictive behaviour in the past, but the difference
between hyperphagic and non-hyperphagic group was not significant at the p = 0.05
level. Anyone with a history of a heavy intake of alcohol was excluded from the
study but in the hyperphagic group, two had regularly used tranquillisers or hypnotics
premorbidly, and 7/16 (44%) were known to have been heavy smokers (20 or more

a day). The non-hyperphagic demented control group had 3/13 (23%) who had been
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heavy smokers but none had been regular users of other drugs.

SUMMARY

There were no significant differences between the two demented groups in changes
in eating style or inappropriate placing of food. The main differences in behaviour
concerned those directly involved in hyperphagic behaviour i.e. more of the
hyperphagic group showed an increase in food and drink intake, more weight increase
and more food-secking behaviour. A wide variety of changes were reported showing
that, as well as excessive quantities of food being eaten, inappropriate foods or
normally inedible substances were eaten. Food was frequently requested or sought,
even immediately after a meal, and food preferences changed. The carers reports
usually confirmed a longstanding change in eating pattern, sometimes lasting for
years. This corroborated findings of the MRC study (see Chapter 7). There is no
evidence that people with hyperphagia were ex-dieters, that they were prescribed a
significantly greater number of major tranquillisers or that they were significantly

more active. The normal elderly showed no abnormal eating behaviour.
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Chapter 9 THE DEFINITION AND MEASUREMENT OF

‘HYPERPHAGIA’

Carers’ reports suggest there is a subset of people with marked hyperphagia. Each
person with dementia had a different carer and the carers were diverse in their
experience of caring - ranging from relatives coping with dementia for the first time
to experienced psychiatric nurses. The carers also varied in the amount of contact
with the subject, from a caring neighbour, who visited periodically, to a husband or
wife coping 24 hours a day. Some of these reports are likely to have low validity and
do not allow precise quantification, necessary for experimental work. To confirm the
validity of these reports experimentally the following questions needed to be
answered.

1. Can hyperphagia be confirmed under standard and objective conditions?

2. Can a standardised setting be devised for defining hyperphagia? A definition

is necessary for devising experiments to look at its nature and mechanism.

3. What is the extent of the hyperphagia; can hyperphagia be quantified?

As a result of pilot work, two standardised situations were examined in order to
investigate these questions. Both involved the subjects in a situation where a virtually
unlimited supply of food was available.

A. A single food meal

B. A mixed ‘buffet’ meal consisting of many food types.
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The following relationships were examined.

a) The relationship between carer’s report and ‘performance’ in these
standardised settings (i.e. to what extent is there agreement between the two
in classifying hyperphagic subjects).

b) Test-retest reliability of two identical meals.

c) The difference between the single food meal and the mixed meal, both in
comparing the amount eaten and the difference in the two methods for

identifying a hyperphagic group.

THE CONCEPT OF HYPERPHAGIA

These questions assume that we know what we mean when we talk of a subject being
hyperphagic or non-hyperphagic. The concept of hyperphagia can be defined as
eating an abnormally large quantity of food, but what level of intake should be
regarded as hyperphagic? This is not a clear-cut issue as a wide variety of abnormal
eating patterns were reported, for example some people ate excessive quantities but
only of a particular type of food, others would eat any food to excess but only when
it was easily accessible and some ate relatively small amounts but at very frequent
intervals. Over what period of time should hyperphagia be judged? In order to
define hyperphagia, should behaviour be judged by a single meal or over a more
sustained period of time? Some people overate at one time of day but ate normally
for the rest of the day. Is hyperphagia a continuum or a distinct category? Although
people who were reported as hyperphagic ate extraordinary amounts, which would
be vanishingly rare in a non-demented population, there was no indication whether

this represented one extreme of a continuum or whether hyperphagia is a distinct and
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separate category of eating behaviour.

Defining hyperphagia is an ‘iterative’ process: we have to have some idea what we
mean, in order to devise relevant experiments, but the experiments will help to clarify
further what the concept of hyperphagia means and how it is defined. The definition
of hyperphagia might at first sight appear straightforward, as carers clearly report
extraordinary quantities of food being eaten when the opportunity arises, but carers’

reports are highly variable and assessing what is abnormal is subjective.

If hyperphagia is defined in a standardised experimental setting there is a problem as
some people restrain under these conditions. Carers’ reports describe the typical

behaviour but lack validity and precise, standardised measurements.

To investigate hyperphagia and to arrive at a definition it was necessary to:
1. define ‘reported hyperphagics’ on the basis of carer’s reports;

2. observe eating behaviour directly in a standardised experimental setting.

It was then possible to look at the relationship between the two. To look at the
differences between those with hyperphagia and those without, a clear objective
operational definition was needed based on carer’s reports. To do this, full accounts
of the history of premorbid eating behaviour, the history of the onset and progress of
the dementia, changes in eating and other relevant behaviour, were collected using
semi-structured interviews (sections of the PBHI and PBE) as well as the CAMDEX

interview (Roth er al., 1986). This gave a detailed history of changes in eating
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behaviour during the course of the illness and an indication of the degree of

abnormality of the present behaviour.

DEFINITION OF HYPERPHAGIA

The original informal reports of hyperphagia were quantified from the interviews.
From carers’ reports potential subjects were defined as hyperphagic using the same
criteria as the MRC study (see Chapter 7) i.e. if the carer, in answer to the PBE

questionnaire, reported one or both of the following:

a) Increased food intake - eating considerably more than normal (extra snacks,

larger meals or eating any food encountered) i.e. question 70 was rated 4 or either

of questions 76 or 77 was rated 2 or more.

b) Increased hunger (if food was restricted) - repeatedly asking or searching for food

i.e. if PBE questions 74 or 75 were rated 3 or more.

This definition of hyperphagia could define potential subjects to be included in a

hyperphagic group but these criteria did not give a quantitative measure of

hyperphagia. The following experiments describe how this method was developed.
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EXPERIMENTAL INVESTIGATION OF HYPERPHAGIA -

DEVELOPING A STANDARDISED SETTING.

AIM

The aim of the experiments, described in this chapter, was to define hyperphagia and

develop a valid and reliable method of measuring it.

A. A SINGLE FOOD MEAL

INTRODUCTION

For experimental purposes, in order to look at the differences between those who
were hyperphagic and those who were not, a clear objective definition was required.
This was attempted by observing a meal, eaten under controlled conditions but in as
natural a setting as possible. The amount eaten at such a meal could be used to
establish a threshold to distinguish people who were hyperphagic from those who

were not.

What should determine the type of food given at a test meal and should more than
one food be given? Behaviour was assessed at a single meal, at a normal mealtime,
in a familiar setting, with a familiar, generally well-liked and easily recognised food.
A single food meal has the advantage that a uniform texture would allow the
microstructure of eating (e.g. changes in loading rate, chewing rate and intra-meal
pauses) to be monitored during the course of the meal (see Chapter 11). A suitable
single food could be used to assess total intake and to eliminate the variation in
microstructure of the meal, which might result from the variety of textures, tastes and

palatability found in a mixed meal. The method of using a single food had proved
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to be highly reliable in a study of PWS children (Berntson et al., 1993).

Very few studies of eating behaviour have involved demented subjects. One study
used a liquid food, sucked by a straw, from a food dispenser (Meyer ez al., 1980).
This was not suitable for severely demented people and it also had the disadvantage
that subjects had to visit a laboratory, so both the food and the location were unusual.
A case study used a biscuit meal to assess the efficacy of fluvoxamine in suppressing
the appetite of a man with Pick’s disease (Hope & Allman, 1991). This proved to
be a reliable method of assessing total food intake. Biscuits were certainly reported
to be a preferred food of many people with dementia, both hyperphagic and normal
eaters. Previously, at least two carers specifically mentioned that they found giving

digestive biscuits was a good way of defusing aggressive behaviour.

A single type of biscuit could prove suitable but there was the problem that excessive
food intake might be driven by sweetness. Small, low-sugar digestive biscuits were
therefore chosen. Small portions of food were desirable as people tend to finish any
item of food that they select, therefore with smaller food units the endpoint could be

more finely judged.

Pilot work, providing small, low-sugar digestive biscuits ad libitum, showed that a
single-food meal of biscuits distinguished the subjects reported as hyperphagic from
demented controls who ate normal quantities of food, although giving biscuits did

exclude two people who had difficulty eating hard food.
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METHOD

After experimenting in the pilot study, the most appropriate method seemed to be to
place ten biscuits on a plain white plate with a similar empty plate directly in front
of the subject. This was to enable subjects to feel free to help themselves to as many
biscuits as they wanted but ten biscuits on a separate plate did not give an impression
of an overwhelming quantity of food, which might inhibit normal eaters. When only
two or three biscuits were left, the plate was replenished, as unobtrusively as
possible. Topping up the plate did not give the impression that the meal was over
because if only a small amount of food is left on a plate it could act as an external
satiety signal (Booth, 1992). Similarly, the glass of water was replenished when it

was considered necessary.

In order to standardise the procedure it was important have set responses at key
points. Safety precautions were also necessary to avoid dangers such as choking or

over-distension of the stomach.

The following general rules were followed for all experimental meals.

Before the meal

Variables were controlled as far as possible, for example each test meal was given
at the time when subjects usually had their midday meal, standardised instructions
were given and the same environment was used for each retest. To try to make test-
retest reliability as good as possible, carers were asked to provide a similar breakfast

at a similar time before each meal.
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The environment was kept as familiar as possible. At home, subjects sat in their
usual place for the meal. In nursing homes and wards this was not practical as
subjects would normally eat with other people. This was not desirable as the
presence of other people at a meal is known to influence the amount eaten (Meyer e?

al., 1980) and also it acts as a distraction.

Before the meal, I asked people to eat as much as they felt like eating, to regard this
(whether biscuits or mixed meal) as their midday meal, to eat until they felt
comfortably full and to begin as soon as they liked. I started the video-camera when
the subject was seated at the table and timing was started as the food was put in front

of the subject.

Start of the meal

Once food was put on the table no further instructions were given unless they asked
questions. However, some people, mainly in the non-hyperphagic demented control
group did not start to eat so, if necessary, after two minutes, a standardised prompt
was given. If, after a further prompt, eating still did not start food was placed on the

plate in front of the subject and they were encouraged to start by further prompting.

During the meal

In the pilot study, some of the hyperphagic people also seemed to be hyperdipsic; one
person drank two litres of water during the course of a meal when water was
available ad libitum. In the main study, subjects with dementia had their glass of

water topped up sufficiently often to prevent their mouth getting too dry but not
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enough to distend the stomach excessively. Surprisingly, some people ate tens of
biscuits without drinking at all. This could have been because they did not connect
discomfort of a dry mouth and sensations of thirst with the fact that they had not had

a drink.

Normal controls were given the choice of being left on their own to ease any
embarrassment they might feel by being watched. If they were left on their own, I
returned at approximately 5-minute intervals to check all was well and to replenish
food if necessary. People with dementia could not be left but were observed as
unobtrusively as possible the whole time to check for choking and to prevent spillage
or inappropriate mixing of water and food. To minimise distraction, eye contact was
avoided and I did not engage in conversation unless the subject started it, in which

case responses were kept to a minimum.

Three of the women, who were more cognitively intact, were very concerned that
they were eating and I was not. This was apparently inhibiting them from eating so,
to prevent their obvious discomfort, I assured them that I too had something to eat

and held a biscuit in my hand and occasionally took a bite.

Pause in meal

It was sometimes difficult to judge when a meal had ended, for example if eating
ceased and the subject appeared to have lost interest (i.e. was not talking, obviously
selecting food or holding food). After a pause of 2 minutes following the last

mouthful a neutral prompt was given "Would you like some more to eat or have you
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had enough?". This question turned out to have two shortcomings; it was complex
and also the answer was unreliable if the subject showed echolalia. If the answer was
"Had enough”, the sentence could be inverted to check for echolalia i.e. "Have you

had enough to eat or would you like some more?".

Even an apparently meaningful refusal of more food in the relatively unimpaired, was
not always a reliable indication that they had finished as some people, after assuring
me they had had enough, immediately took and ate more food. Subjects who were
relatively cognitively intact may have restrained from eating and not eaten more than
would be thought appropriate. If I packed up in a leisurely way and without
obviously watching, some subjects continued to eat ‘leftovers’ as they helped to pack

away, presumably this seemed more socially acceptable.

Stopping the meal
The meal was stopped if the person eating reached a maximum intake of 12 000 kJ
(nearly 3000 kcals) or if they appeared to be uncomfortably full, for example if they

started hiccupping or appeared distressed.

End of meal

The meal was counted as over when five minutes had elapsed from the last mouthful
or, if the subject was still actively chewing food or appeared to be interested in food,
a longer period was allowed to elapse before clearing food away. Hyperphagic
subjects who were overactive, sometimes walked away. They were asked to sit, if

they started to get up while still eating, and encouraged to return to the table if they
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insisted on walking away. If they walked away without food in their hand or mouth,
they were asked if they had had enough and then allowed to go or return for more
without further prompting. If they did not return for more within five minutes, the

meal was rated as ending, either from the time when they stood up or after their last

chew, whichever was the sooner.

SUBJECT GROUPS

There were three subject groups:

a) Reported hyperphagic group - Twenty-six people with dementia met the above

criteria for ‘reported hyperphagia’.

b) Demented, non-hyperphagic control group - Fourteen people were matched to
14 of the 26 hyperphagic group for degree and type of dementia, age and sex but with

no history of hyperphagic behaviour (see Chapter 8).

¢) Normal elderly control group - Fourteen normal elderly were matched to 14 of

the hyperphagic group for age and sex (see Chapter 8).

RESULTS

The mean and S.D. of the age and MMSE of the three groups are given in tables 9.1

and 9.2
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Table 9.1 Age at point of entry

SUBJECT GROUP

MEAN (years) I

All reported hyperphagics

Non-hyperphagic demented
controls

Normal elderly controls

77.9 (S.D. 8.6; range 54-92; n=26)

77.6 (S.D. 6.3, range 67-89; n=14)

76.2 (S.D. 8.4, range 55-87; n=14)

Table 9.2 MMSE at poiut of entry

SUBJECT GROUP

MEAN MMSE

All reported hyperphagics

Non-hyperphagic demented
controls

Normal elderly controls

4.41 (S.D. 6.0; range 0-20; n=26)

4.64 (S.D. 5.5; range 0-17; n=14)

28.14 (S.D. 1.1; range 26-30; n=14)

ENERGY VALUE AND MEAL TIME

The total energy intake results are summarised in figure 9.1 and table 9.3.

a) All reported hyperphagics

When all the people who were reported to be hyperphagic by their carers were

included the mean intake was 3160 kJ. The variation in food intake was large,

ranging from 1 to 55 biscuits. The time taken to eat the meal ranged from two

minutes to two people who ate steadily until they were stopped at the end of 2 hours.
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Figure 9.1 Digestive biscuit meal

(All reported hyperphagic subjects)

Mean intake (kJ)
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(n=28) {n=14) (n=14)

Table 9.3 Energy value of digestive biscuit meal 1 (kJ)
SUBJECT GROUP MEAN (KkJ)

All reported hyperphagics 3160 (S.D. 2928; range 192-9540; n=26)

Non-hyperphagic demented 1292 (S.D. 1063; range 126-3648; n=14)
controls

Normal elderly 1204 (S.D. 540; range 525-2112; n=14)
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b) Demented non-hyperphagic control group

People with dementia who were reported by their carers not to be hyperphagic, were
very variable both in the amount eaten and in the time taken. They ate a mean of
1292 kJ, about 7 biscuits (S.D. 1063, range 126-3648) with a mean meal-time of 34
minutes (range 5 minutes to over 2 hours). However, the person who was still eating
after two hours only consumed 2577 kJ during that time. This group ate significantly
less than the hyperphagic group (t-test: ¢ = 3.58, df = 30, p = 0.001) but there was

no significant difference between their intake and that of the normal elderly.

¢) Normal elderly controls
The normal elderly ate a mean of 1204 kJ (S.D. 540, range 525-2112) with a mean

meal-time of 11 minutes (S.D. 6 minutes, range 5-24 minutes).

STOPPING THE MEAL

Three people in the hyperphagic group were stopped because they became
uncomfortably full and two were stopped after two hours. One of the demented
controls ate very slowly and was stopped because she was still eating after two hours.

No-one was stopped because they had reached the maximum permitted intake of

12 000 kJ, which had been previously decided.

DRINKING
Although with some people in the hyperphagic group it was necessary to limit water
intake, many people with dementia did not drink at all. Some of the people in the

hyperphagic group ate 30 or more of the dry biscuits without drinking any water,
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even when it was offered. Typically, people in the normal control group sipped

water periodically through the meal.

COMPENSATION AFTER THE MEAL

The carers and the normal controls were asked about the intake of food during the
rest of the day and to assess whether it was more, less or the same as usual, to see
if there was compensation after the biscuit meal. About half of the normal elderly
and the demented controls (57% and 40% respectively) ate more than normal during
the rest of the day. This was presumably because they had not eaten as much of the
single-food meal as they usually would have done during an ordinary midday meal.
The normal elderly, who ate more afterwards, seemed to be compensating, as all had
less than 2000 kJ (which was less than the mean intake at the more conventional,
buffet-style mixed meal), whereas the only person who ate less afterwards, had eaten
more than 2000 kJ in the test meal. The six non-hyperphagic demented controls, who
ate more afterwards, also seemed to be compensating; they had all eaten less than
1000 kJ during the biscuit meal. One of the two, who ate less than usual afterwards,
had eaten 3650 kJ. In the hyperphagic demented group, even after excessive
quantities of biscuit, only one ate less during the rest of the day, the rest ate normally
or more than usual. The evidence suggests that non-hyperphagic people may
compensate for unusually small or large meals but hyperphagic people did not. This

is investigated further in Chapter 12.
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DISCUSSION - Experimental definition of hyperphagia using a single-
food meal

In order to see if there was a relationship between ‘reported hyperphagia’ and
observed behaviour, a threshold of what could be considered normal and what
abnormal needed to be established. If hyperphagia is a continuum this is bound to
be an arbitrary threshold. Even if hyperphagia is a category there is a complication
that food intake is highly dependent on such variables as activity, gender and body

size.

For the purpose of making an experimental definition, an arbitrary ‘cut-off> was used
to define ‘hyperphagia’. To designate a level which was clearly abnormal for that
age-group the figure chosen was the mean of the food intake of the 14 normal elderly
controls plus 3 standard errors. Therefore, the percentage of normal people likely
to exceed this threshold is 0.13%. The mean intake of the normal group was 1204
kI and the standard error was 540, so 2824 kJ was taken as the threshold. This
figure represents about a third of the normal daily food intake calculated for a slightly
younger group of 97, free-living, 70-71 year-olds (Fraser & Durnin, 1993). In this

study men had a mean intake of 8256 kJ and 7306 kJ for the women.

The proposed definition for ‘observed hyperphagia’ is therefore an intake of more
than 2824 kJ at a digestive biscuit meal. Figure 9.2 and table 9.4 include the 18
people finally included in the experimental ‘observed’ hyperphagic group (see page
121 for criteria), whereas figure 9.1 and table 9.3 include all the people, reported to

be hyperphagic, who were entered into the study initially.
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Figure 9.2 Digestive biscuit meal
(Including observed hyperphagic group)

Mean intake (kJ)
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Table 9.4 Energy value of digestive biscuit meal 1 (kJ)
SUBJECT GROUP MEAN (kJ)
Hyperphagic group 4239 (S.D. 2921, range 192-9540; n=18)

Reported hyperphagics not 733 (S.D. 416; range 192-1330; n=38)
overeating when observed
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THE RELATIONSHIPS BETWEEN ‘REPORTED HYPERPHAGIA’ AND
‘OBSERVED HYPERPHAGIA’
a) All reported hyperphagics

(i)  Positive confirmation of hyperphagia - Ten of the 26 reported hyperphagics

exceeded the threshold of 2824 kJ on the first digestive biscuit meal.

(i) Negative results - Of the 26 people with dementia who were reported to be
hyperphagic and who were willing to eat the digestive biscuit meal, 16 did not
exceed this (stringent) threshold. Lowering the threshold would not have a
marked effect. If the threshold was lowered to the mean of the normal elderly
+ 2 S.E. two more people would have exceeded the threshold and a further

reduction to mean + 1 S.E. would have included two more (see figure 9.3).

Figure 9.4 shows that there is a continuum of eating in the group reported to be
hyperphagic and therefore an arbitrary threshold needs to be defined. Although only
ten of the reported hyperphagic people exceeded the threshold in the digestive biscuit
meal, it was necessary to keep the threshold high because subsequent work needed

a group of people whose eating was clearly abnormal.

b) Reported hyperphagics not classified as observed hyperphagics

The discrepancy between the reported and observed hyperphagic people was not

simply a question of threshold as figure 9.4 demonstrates. Many of those reported
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Figure 9.3 Digestive biscuit meal intake (kJ)
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to be hyperphagic ate less, or only a little more, than normal elderly controls when

presented with the standard ‘biscuit meal’.

There seemed to be a variety of reasons for this:

)

(i)

(iii)

(v)

(vi)
(vii)

(viii)

Some subjects appeared not to understand the request to treat the biscuit meal
as the midday meal and also, not being aware of the time of day, they
regarded it as a mid-morning snack. They may therefore have eaten only a
few biscuits because this seemed socially appropriate.

Some subjects may have found the single food (digestive biscuits) unattractive
or unpalatable and this limited the amount they ate under experimental
conditions.

In the case of one subject, the carer reported that the subject overate only on
chocolates. It is not surprising that this subject did not eat a large amount at
the standardised biscuit meal. Whether overeating only on chocolates should
count as hyperphagia is unclear.

Some subjects may have been sufficiently socially aware to be self-conscious
of overeating when being observed.

Food intake prior to the standard meal might have an effect. Although people
were given a standard breakfast one person was known to have helped herself
to a substantial snack during the course of the morning and shortly before the
experimental meal.

One subject refused to eat biscuits because of the state of her teeth.

One subject was too restless to settle to eat.

One subject refused to eat, saying he wanted a normal meal.
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(ix) One subject lacked sufficient coordination to feed himself efficiently.
All these are reasons why a genuinely hyperphagic subject might fail to eat enough
to be classified as hyperphagic at the test meal. It is likely that there are also subjects
who are reported to be hyperphagic but who are not genuinely hyperphagic i.e.
subjects who are correctly classified by the test meal as not hyperphagic. Some
carers may misreport behaviour and overestimate the amount eaten. In some cases
the subjects may once have been hyperphagic, causing the carer to restrict food, but

have ceased to be so.

¢) Objective hyperphagics, not classified as reported hyperphagics.

One person, in the group which was reported to show no signs of hyperphagia,
consumed 3648 kJ, at the standardised biscuit meal and would therefore be classified
as an objective hyperphagic using the proposed criterion. This subject was a very
active man, with severe dementia and in a hospital ward where he would not have
easy access to food. Had he wanted extra food he would have been unable to ask for
it or find it. Thus signs of hyperphagia might have been hidden. This subject is
likely to have been genuinely hyperphagic and is an example of misclassification from

reporting.
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TEST-RETEST RELIABILITY

AIM

To examine whether food intake during the biscuit meal can be repeated reliably.

METHOD

To establish the reliability of the digestive biscuit meal, the meal was repeated with
a sample from each experimental and control group. Ten people from the reported
hyperphagic group and five from each of the demented non-hyperphagic control group
and the normal elderly control group were given an identical repeat biscuit meal at
least two weeks after the first meal. The time interval was to avoid memory of the
previous meal affecting intake. Reliability was defined as the degree of agreement
in the amount consumed on two separate occasions. Because the measure (energy
consumed at each meal) is a continuous variable (and not categorical) the measure of
reliability used was the Pearson correlation coefficient. When using this measure it
is also important to check that the mean consumption for each subject group on the
two test occasions does not differ significantly. This is because high correlation can
occur with poor reliability (if, for example, all subjects ate half the amount at the

second meal - but the rank ordering remained the same).

RESULTS

The test-retest reliability was high (correlation 0.956, p < 0.0005) when all the three
groups were combined (see figure 9.5 and table 9.5). The difference between the
mean consumption at the two test-meals for each of the individual groups was not

significant (see table 9.6). Individuals were plotted on a scatter graph (figure 9.6)
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Figure 9.5 Digestive biscuit meal - reliability
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Table 9.5 Total energy intake of digestive meals 1 and 2

Comparison of 2 digestive biscuit meals by group - Mean (kJ)

Hyperphagic group (n=10)
Digestive meal 1 4534 (S.D. 3196, range 192-9540)
Digestive meal 2 4336 (S.D. 2700, range 576-8575)

Non-hyperphagic demented controls (n=5)
Digestive meal 1 1522 (S.D. 900, range 633-2536)
Digestive meal 2 1110 (S.D. 597, range 350-1953)

Normal elderly controls (n=>5)
Digestive meal 1 1128 (S.D. 504, range 700-1920)
Digestive meal 2 1086 (S.D. 662, range 525 -2107)
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Figure 9.6 CORRELATION OF DIGESTIVE BISCUIT MEALS

Meal 1 and meal 2
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Table 9.6  Intra-subject reliability - digestive meals 1 and 2.
Correlation and paired t-test

GROUP Correlation t-value

Hyperphagic group 0.947 (p < 0.0005) | 0.58 (p = 0.575)
(n=10)
Non-hyperphagic demented 0.611 @=0271]129 (p = 0.267)

controls (n=3)
Normal elderly controls 0.963 (p = 0.008) | 0.42 (p = 0.699)
(n=5)

0.956 (p < 0.0005) | 1.15(p = 0.266)
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which showed the high intra-subject reliability. There was good correlation between
the intake at the two meals within the hyperphagic group and the normal group (0.947
and 0.963 respectively). Generally the variation between individuals was relatively
narrow and each person ate a very similar amount at the two meals. The non-
hyperphagic group was the most variable (correlation 0.611), both in the amount
eaten by different individuals and between how much each individual ate on the two
occasions i.e. the reliability for this group was poor. The amount they ate seemed

to depend on their mood, their concentration and their level of activity that day.

DISCUSSION - test-retest reliability of single-food test meal

The purpose of this experiment was to examine whether the hyperphagia reported by
carers could be reliably confirmed and measured objectively using a standardised
meal. A simple meal of non-sweet digestive biscuits was chosen because it is simple

and because a single substance meal is best for studying the microstructure of eating.

Two key questions have been examined. The first is whether this measure, the
energy intake at this standardised meal, is reliable. That is, do subjects consume the
same amount when given the meal on two separate occasions. The second question
is, what is the relationship between ‘reported hyperphagia’ and the amount eaten at

this standardised meal?

The results show first, that there was a high degree of reliability (measured by the
Pearson correlation coefficient) in the amount eaten at the two mealtimes, both when

the three groups of subjects were examined together and when individuals were

118



compared. This suggests that, if an objective measure of hyperphagia can be made

using standardised meals then a single meal is sufficient, at least for most purposes.

Reliability was also looked at from the point-of-view of using the standardised meal
to classify subjects as hyperphagic or non-hyperphagic. Using the criterion proposed
for defining ‘objective hyperphagia’, all 20 subjects, who were tested and retested,
were classified in the same way on the basis of each of the meals and no subjects
were classified differently. Thus, the standardised biscuit meal appears to provide

a reliable basis both for classifying and measuring hyperphagia.

However, the question remains concerning its validity. One issue is what threshold,
in terms of energy consumption, should be used to separate hyperphagics from non-
hyperphagics. The second question is, that whatever threshold is chosen, is the

‘correct’ classification made.

The results showed that there were some subjects, reported to be hyperphagic, who
consumed extraordinarily large amounts under the standardised situation. This
showed both that the standardised meal was able to identify, and quantify, a group
of ‘extreme’ hyperphagics. It also showed that there are some subjects with dementia

in whom the normal mechanisms controlling eating are clearly grossly abnormal.

The results also suggest that hyperphagia is not a categorical concept but rather that
there is a continuum in the amount consumed. Taking the demented group as a

whole, or the hyperphagic group alone, there was a wide range in the amount eaten,
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and there was no ‘region of rarity’ (i.e. level of food intake in which few subjects
fell) to suggest that there are two clear-cut categories: those who are hyperphagic and
those who are not (see figure 9.3). This conclusion cannot be considered definitive
however. First, the numbers of subjects involved is too small to be certain that any
‘region of rarity’ would be manifest. Secondly, even if hyperphagia were a
categorical concept, a ‘region of rarity’ might be ‘filled’ with subjects just becoming
or just ceasing to be hyperphagic. In addition, thirdly, truly hyperphagic subjects
might consume less than their natural amount at the standard meal for the reasons

given above.

On a priori grounds, one might expect hyperphagia to be a continuum. This is
because Alzheimer’s disease, at any rate, is a slowly progressive disease in which
brain damage gradually increases both in density within a brain region and the size
of the areas affected also increases. Whatever the neural mechanisms underlying
hyperphagia, it would be most unlikely that these would switch from being normal
to absent. Much more likely is that the mechanisms gradually become damaged and,

that as they do, the quantity of food intake gradually changes.

Whether or not hyperphagia is to be seen as a continuum, or as a category, if the
standardised meal is to be used to identify a group of hyperphagic subjects for further
study, a threshold of energy intake needs to be chosen to distinguish the group to be

classified as hyperphagic, from the group to be classified as non-hyperphagic.

To some extent, this is an arbitrary decision and the decision will be affected by the
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reason for wanting to define subject groups. It was decided to use a stringent
criterion (i.e. a high threshold) because, for the purposes of the research reported in
this thesis, those classified as hyperphagic, and studied in the later experiments,
should be clearly abnormal. It was decided to adopt a threshold of three standard
errors above the mean consumption of the normal elderly. The choice of three
standard errors was to ensure that those who were classified as hyperphagic were
eating an amount which would be very rare in the normal population. However, the
classification of individuals was not greatly affected by changing this threshold to two
standard errors. It might be asked why it was decided to base the threshold on the
normal elderly and not on subjects with dementia. The reason for this was that the
epidemiological data suggest that hyperphagia is quite common in dementia.
Therefore, if one were to define the threshold based on the mean and standard error
of people with dementia, the level might be unduly high. More profoundly, the point
is that the concept hyperphagia should be a concept based on normal functioning.
Thus, it should be possible logically that all people with dementia are hyperphagic.
This would be ruled out, even as a logical possibility, if the threshold for hyperphagia

were based on the deviation from the mean of a group of people with dementia.

The main weakness in the criterion adopted is the small number of normal elderly on
which it was possible to base the mean and standard error. Ideally a larger sample
of normal elderly would be studied but the constraints of time made this impossible

within the present body of work.

Using the thresholds chosen, to categorise subjects as either ‘observed’ (or
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‘objective’) hyperphagics or ‘objective non-hyperphagics’, only 38% of reported
hyperphagics were classified as observed hyperphagics. In addition one subject (7%),
who was reported as non-hyperphagic, was classified as an ‘observed hyperphagic’.
There are many likely reasons for this discrepancy - and the likely but uncertain
proportion of those falsely classified as observed non-hyperphagics. These reasons
have been specified above. For many purposes, these potential misclassifications are
not serious since the standardised meal is able to identify and quantify marked
hyperphagia and this group of subjects is the key group for studying the abnormalities
in the control of eating. It is also difficult to overcome some of the reasons why true
hyperphagics may not ‘perform’ under the standardised meal condition. However,
one reason, the possibility that digestive biscuits alone were unpalatable to many and

were seen as a snack rather than a meal, was open to investigation.

In the next experiment I set out to devise a more varied, ‘buffet-style’, mixed meal

which was still amenable to standardisation.
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B. A MIXED MEAL
AIMS

1. To assess total energy consumption using a more natural meal, giving a choice
of familiar foods, to overcome the possible limitations of the biscuit meal.
These limitations were that there was a lack of variety and biscuits gave the

appearance of a snack and not a ‘proper’ meal.

2. To compare results with the digestive biscuit meal to see how it affects the

classification of people observed to be hyperphagic.

METHOD

Developing the method

The purpose was to devise a standardised situation, to assess total energy consumption
during a mixed meal, giving a choice of familiar foods. The main advantage of a
buffet-style, mixed meal was that it appeared to be a ‘proper’ meal and not just a
snack. A large choice of different foods contributed to validity as each subject’s
liking for a single food might vary. The aim was to give a virtually unlimited supply
of a variety of foods of different macronutrient content, satiating efficiency, taste,
texture, appearance and energy value. Another advantage of this type of meal was

that food preferences and macronutrient choice could be examined (see next chapter).
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Eight food types were given. The criteria for choosing the foods were that foods
should be:
- easily recognised, everyday foods so that palatability and energy values of the
different foods would be familiar;
- easy to pick up without the use of cutlery;
- not easily spilt, mixed or smeared;
- easy to chew and swallow to avoid choking;
- of equivalent palatability (similar hedonic qualities) and liked by most people
but not attractive enough to encourage overeating;
- easy to prepare and pleasant when eaten cold;

- easy to transport without spoiling or becoming a health risk.

The foods used were ham, cheese, bread with a little margarine, small sweet digestive
biscuits, pork cocktail sausages, thick cheese and butter sandwiches, pear and
cucumber. Apart from pear and cucumber, the foods were cut into portions of
similar energy value, approximately 175 kJ (40 kcals). Each type of food was placed

separately on a similar plain plate so that it could be seen and picked up easily.

Timing

To prevent changes in eating which might be due to ageing, increased dementia or
change in hyperphagia status, the first mixed meal usually followed the digestive
biscuit meal after an interval of a week. An interval was needed to ensure that any
compensation after excessive food intake would have no effect on the next meal. The

optimum gap was less than a month.
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Meals were given to the same three groups of subjects as the digestive biscuit meal.
They were:-
- reported hyperphagic demented subjects (n=25);
- non-hyperphagic demented controls matched for age, sex, cognitive ability and
diagnosis (n=14);

- normal elderly matched for age and sex (n=14).

Meal procedure

The plates were arranged in a semicircle, equidistant from the subject (figure 9.7).
The foods were arranged in blocks according to their macronutrient content (figure
9.8), this was designed to investigate macronutrient choice (see next chapter). For
each consecutive subject or control, the order was rotated in a fixed sequence to avoid

any position effect.

To reduce the independent variables affecting eating, the aim was to make each plate
appear to have a similar quantity of food on it of comparable palatability. If
necessary the plates were ‘topped up’ during the course of the meal so that a virtually
unlimited quantity of any food could be eaten if desired. Replenishing was done
unobtrusively when only two or three units remained on a plate. If necessary, foods
were sorted out again if they had been mixed up during the course of the meal.
Again a safe maximum intake of 12 000 kJ was observed. The plate needed to be
plain, as patterned plates confuse people with poor eyesight or cognition and they

often try to pick up the pattern.
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Figure 9.7 Arrangement of food on the table

camera
HIGH PROTEIN HIGH CARBOHYDRATE

water jug

glass
HIGH FAT Q plate LOW ENERGY

D subject

Figure 9.8 Sequence of rotation of foods

Arrangement A Arrangement B
Subject Subject
Low energy Protein Carbohydrate Low energy
Fat Carbohydrate Protein Fat
Arrangement C Arrangement D
Subject Subject
Protein Fat Fat Carbohydrate
Carbohydrate Low energy Low energy Protein
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Data on energy value and macronutrient composition were taken from the packets,
or for unprocessed foods, from McCance and Widdowson (Paul & Southgate, 1991).
The conditions in the room were kept constant on each occasion and the meal was
given in a place where the subject could not see other people eating. Drugs currently
being taken by subjects and controls were recorded, as some are known to affect
appetite. Each carer was asked about the intake of food during the rest of the day,
to assess whether it was more, less or the same as usual, in order to see if there was
compensation after the mixed meal. Normal controls were also contacted the next

day to ask about their subsequent food intake.

The procedures for starting the meal, ending the meal and responding to behaviour

during the meal were the same as described above for the ‘biscuit meal’.

RESULTS

Energy intake

The mean energy intake at the first mixed meal are shown in figure 9.9 and table 9.7.
a) All reported hyperphagics

The mean intake of the reported hyperphagic group was 4097 kJ. Again the range
of intake was large, ranging from two people who refused to start to others who ate
more than an average day’s intake for someone of this age group. The reported
hyperphagic group ate significantly more than the normal elderly (t-test: ¢ = 2.76,
df = 37, p = 0.009) and they also ate more than the non-hyperphagic demented
group (t-test: ¢t = 2.49, df = 37, p = 0.017).

Figure 9.9
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Figure 9.9 ENERGY VALUE (All reported hyperphagic)

Mixed meal 1

Mean intake (kJ)
5000

4000 -

3000 -

T

2000

1000

Z Z

0

All repqrted Non-hyperphagic Normal elderly
hyperphagic group demented group control group

‘Reported to be hyperphagic by carer

Table 9.7 Total energy value of mixed meal 1 (kJ) - All reported hyperphagics

SUBJECT GROUP MEAN (k))
All reported hyperphagics 4097 (S.D. 3036; range 0-9813; n=25)

Non-hyperphagic demented 1987 (S.D. 1164; range 13-3999; n=14)
controls

Normal elderly controls 1823 (S.D. 505; range 1127-2908; n=14)
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Three of the reported hyperphagic demented group were stopped because they were

still eating after 2 hours and two were stopped because they seemed to be
uncomfortably full.

As was found with the biscuit meal, the amount eaten at the mixed meal by the
reported hyperphagics varied greatly from individual to individual (figure 9.10).
Figure 9.10 MIXED MEAL - all reported hyperphagics

Energy intake (Thousands kJ)
10

u Mean intake
e O0f normal eiderly

T

456 50 41 55 53 651 58 29 68 21 65 49 24 47 69 42 66 31 07 19 62 67 368 09 37
Subject number

b) Demented non-hyperphagic control group
The amount eaten by the non-hyperphagic demented controls was very variable (mean
1987 kJ; S.D. 1164; range 13-3999). The time they spent eating was also highly

variable with a mean of 49.9 minutes. One person, who was eating very slowly, was

129



stopped after two hours. The non-hyperphagic group did not eat a significantly
different quantity of food from the normal elderly in terms of energy value (kJ) but
they ate significantly less in terms of mass (g) the elderly eating a mean of 249 g and
the non-hyperphagic controls eating 183 g (t test: ¢ = 2.3, df = 26, p = 0.03). This
reflected their small intake of low-energy foods (pear and cucumber) and slightly

higher intake of high-fat foods.

¢) Normal elderly controls

Although the normal elderly ate a similar amount to the non-hyperphagic demented
on average, they were much less variable (mean 1823 kJ, S.D. 505, range 1127-
2908) and they ate much more quickly (mean 17.6 minutes, range 9-29). None of

the normal elderly group was stopped.

Compensation after the mixed meal

During the mixed meal the mean energy intake was about 150% that of the biscuit
meal. In the two control groups, during the rest of the day, there waé very little
compensation after the mixed meal. Therefore, the mixed meal was presumably
equivalent to the normal midday meal. Five people who were reported to be
hyperphagic, but who did not eat excessively during the test meal, did eat more
during the rest of the day. They seemed to be socially aware and either refused the
mixed meal or were suspected of holding back out of politeness during the meal.

They presumably compensated by eating more during their normal meal conditions.
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Effect of neuroleptic drugs

The only drugs being taken which might have affected appetite were neuroleptics.
At the mixed meal 10 out of 25 (40%) of the reported hyperphagics were on drugs
in this category and 3 out 14 (21%) of the demented control group were also taking
such drugs. This was not a significant difference (chi-square after Yates’ correction:
0.68, p = 0.41). In both groups there was a trend for the people taking these drugs
to eat more but the difference was not significant except for the non-hyperphagic
demented group (t-test: z = 3.29, df = 4.5, p = 0.025). None of the normal control

group took drugs which might have affected their appetite.

TEST-RETEST RELIABILITY
AIM

To examine the test-retest reliability of the mixed meal.

METHOD

For test-retest reliability, the mixed meal was repeated, after an interval of at least
14 days, with a sample of all three groups of subjects and controls. The order and
timing of the meals were that the first test meal was a biscuit meal, followed at least
a week later by the first mixed meal. The retest meals were given at least a week
after the first mixed meal. They were given in the same order i.e the second biscuit

meal first with the second mixed meal at least a week afterwards.

Conditions were kept as identical as possible to reduce variables and the time interval

was to prevent people from remembering how much they had eaten previously. Also,
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in order to avoid jogging the memory of the normal group, the order of foods in the

mixed meal was rotated on the second occasion in the order:

This rotation of the order of food was to eliminate any position effect in the choice

of food.

RESULTS

Intra-subject reliability

Overall the test-retest reliability was high (Pearson correlation: 0.87; p < 0.0005).
There was a highly significant correlation between the energy intake of the first and
the second mixed meal in the hyperphagic group (Pearson correlation: 0.803, p =
0.005), see table 9.8 and figure 9.11. The sample sizes for the other two groups
were small and correlations for the non-hyperphagic group (0.344) and the normal
elderly (0.700) were not significant. The non-hyperphagic demented group were
again the least reliable, both in the amount eaten by different individuals and in the
amount eaten by the same individual on different occasions. The scatter graph (figure
9.12), however, shows that most individuals ate very similar amounts at the first and
the second meal. Paired t-tests were carried out between each group (see table 9.9)
and there was no significant difference in intake between the first and second mixed

meals.
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Figure 9.11  RELIABILITY - Mixed meals 1 and 2
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Table 9.8 Total energy intake of mixed meals 1 and 2

Comparison of 2 mixed meals by group Mean (kJ)

Hyperphagic group (n = 10)
Mixed meal 1 6683  (S.D. 2413; range 2973-9813)
Mixed meal 2 5703  (S.D. 3177; range 1409-11167)

Non-hyperphagic demented controls (n = 5)

Mixed meal 1 1529  (S.D. 1028; range 13-2586)
Mixed meal 2 1645 (S.D. 478; range 904-2128)

| Normal controls (n = 5)
Mixed meal 1 2108 (S.D. 464; range 1804-2908)
Mixed meal 2 2120  (S.D. 379; range 1661-2594)
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Figure 9.12 CORRELATION OF MIXED MEALS
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Table 9.9 Intra-subject reliability - mixed meal 1 and 2.
Correlation and paired t-test

Correlation t-test

| 0.803 (@ =0.005) | 1.63( = 0.137)
(n = 10)
Non-hyperphagic demented controls | 0.344 (p = 0.571) | 0.20 (p = 0.848)
(n =)
Normal controls 0.700 (p = 0.188) | 0.08 (p = 0.940)

i (n = 5)

All groups (n=20) 0.869 (p <0.0005) | 1.33 (p = 0.198)
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COMPARISON OF ENERGY INTAKE OF THE TWO TYPES OF

MEAL

METHOD

Having demonstrated that the reliability for both types of meal was good, a

comparison was made between the intake and the reliability of the first digestive

biscuit meal and the first mixed meal.

RESULTS

The energy intake at the two types of meal, in all three groups, was consistently
higher during the first mixed meal than at the first biscuit meal; in general people ate
nearly half as much again at the mixed meal (figure 9.13, table 9.10). The results
for all three groups (reported hyperphagics, non-hyperphagic and normal elderly) are

shown as a scatter graph for the energy intake at the two meals (figure 9.15).

As well as eating more at the mixed meal all three groups ate for a longer period of

time during the mixed meal than the biscuit meal (see figure 9.14 and table 9.11).
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Figure 9.13 ENERGY VALUE (All reported hyperphagic)

Digestive biscuit and mixed meal

Mean intake (kJ)

5000
4000 | |
|
|
3000 :
Ml First biscuit meal
-1 First mixed meal ‘
2000 ‘
1000
!
0 ! _ — _ [ ——
All reported Non-hyperphagic Normal elderly
hyperphagic group demented group control group

‘Reported to be hyperphagic by carer

Table 9.10 Inter-meal reliability
Group Digestive meal 1 (kJ) Mixed meal 1 (kJ)
All reported 3160 4097

hyperphagic group
Non-hyperphagic 1292 1987
demented controls
Normal controls 1204 1823
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Figure 9.14 MEAL TIME - first biscuit and mixed meal
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Table 9.11 Mean mealtime for the two types of meal

DIGESTIVE MEAL 1

Subject group Meal time in minutes

Hyperphagic group 57.7 (S§.D. 36.9, range 5-121, n=18)
Non-hyperphagic demented 33.9 (S.D. 35.7, range 5-120, n=14)
Normal elderly controls 10.4 (S.D. 5.5, range 4-24, n=14)

MIXED MEAL 1

Subject group Meal time in minutes

Hyperphagic group 76.5 (S.D. 32.5, range 31-120, n=17)

Non-hyperphagic demented 49.9 (S.D. 42.4, range 2-120, n=14)
Normal elderly controls 17.6 (S.D. 6.8, range 9-28, n=14)
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Figure 9.15 CORRELATION OF TWO MEAL TYPES
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MIXED MEAL

As in the biscuit meal, a threshold for hyperphagia for the mixed meal was defined
by taking the mean of the normal control group plus three standard errors. This was
chosen for the same reasons as given for the biscuit meal. For the mixed meal, the
mean of the normal group was 1823 kJ and the standard error was 504.8 therefore
3337 kJ was taken as the threshold. People ate more at the mixed meal, this was
predicted from the reasons given previously suggesting why the single food meal led
to undereating in some people. The mean intake for the hyperphagic group was over

150% of the threshold for both meals whereas the mean for both control groups was

under 60% of the threshold for both meals.
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Using criteria, based on these thresholds (see page 121), the mean intake of the

observed hyperphagic group at the first biscuit meal was 4239 kJ, representing a

range of 1 - 55 biscuits. The mean intake at the first mixed meal was 5462 kJ -

range 1900-9813 kJ (see tables 9.12 and 9.13 and figure 9.16).

Table 9.12 Comparison of energy intake during the two types of meal

Biscuit neal
Mean (kJ)
Threshold
2824 kJ

Mixed meal
Mean (kJ)
Threshold
3337 kJ

Ratio
Biscuit/mixed

Observed hyperphagic group

(n=17)

N6on-hyperphagic demented
controls (n=14)

Normal elderly controls
(n=14)

4239

1292

1204

139

5462

1987

1823




Figure 9.16 ENERGY VALUE (Observed hyperphagics)
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Table 9.13 Total energy value mixed meal 1 (kJ) -‘Observed hyperphagic group’

SUBJECT GROUP MEAN (kJ)
i ‘Observed hyperphagic group’| 5462 (S.D. 2688; range 1900-9813; n=17)

: Non-hyperphagic demented 1987 (S.D. 1164; range 13-3999; n=14)
controls

Normal elderly controls 1823 (S.D. 505; range 1127-2908; n=14)
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a) Reported hyperphagic group

Twenty-five people, reported to be hyperphagic, had both types of meal. Twelve of
them were classified as hyperphagic by the mixed meal but only nine by the biscuit
meal. Five people, who did not exceed the threshold during first biscuit meal, were
classified as hyperphagic by the first mixed meal and another three people exceeded
the threshold for hyperphagia during the second mixed meal. Four of these
‘reclassified’ people had the highest MMSE in the reported hyperphagic group and

seemed to be the most socially aware.

Reported hyperphagic, demented subject group
(Subjects reported by carers currently to show signs of hyperphagia.)

10/26 exceeded threshold of 2824 kJ at the first single food meal.
12/25 exceeded threshold of 3337 kJ at the first mixed food meal.

b) Non-hyperphagic demented controls

The person in the demented control group who, although reported to be non-
hyperphagic, exceeded the threshold during the digestive meal also exceeded the
threshold on the mixed meal. A second person in this group marginally exceeded the

threshold during the first mixed meal.

Non-hyperphagic demented control group
(Matched controls with dementia who were reported by carers not to show
signs of hyperphagia.)

1/14 exceeded threshold during the first single food meal
2/14 exceeded threshold during the first mixed food meal

¢) Normal elderly group
None of the normal elderly were classified as hyperphagic by either meal (see table

9.14). They all were within the 2 standard errors of the mean on the digestive biscuit
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meal and during the mixed meal only one man marginally exceeded 2 standard errors
of the mean.

Table 9.14 Classification for hyperphagia on the proposed criteria for subjects
having both the first biscuit and mixed neals

Digestive biscuit meal 1 | Mixed meal 1 I

Group Non- Hyperphagic | Non- Hyperphagic
hyperphagic hyperphagic

All reported 16 9 13 12

hyperphagic

(n = 25)

Reported non- 13
hyperphagic

group (n = 14)

Normal elderly 14

group (n = 14)

DISCUSSION - reliability of mixed test meal

The aim of the mixed meal experiment was to see if giving a more natural meal
overcame some of the difficulties encountered during the biscuit meal. One
disadvantage of a single food meal was that subjects may not have liked the type of
food offered and another difficulty was that a plate of biscuits resembled a snack
rather than a full meal, which may have prevented the more socially aware people

from overeating when they were being observed.

As with the digestive biscuit meal two questions have been examined. The first is
whether the energy intake at the mixed meal was reliable and the second question is
what the relationship was between the carers’ report and amount eaten in a mixed

meal.
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Reliability of classification using a mixed meal

The same criterion for ‘objective hyperphagia’ was used for the mixed meal, as for
the biscuit meal (i.e. the mean energy intake of the normal elderly group plus 3
standard errors). The classification of all ten people in the normal elderly and non-
hyperphagic control groups, who were retested, was reliable as all ten were classified
as non-hyperphagic on both mixed meals. In addition none of them exceeded the

threshold during any of the other meals in the study.

All ten of the reported hyperphagic group who were retested were classified as
hyperphagic on one of the mixed meals and six exceeded the threshold on both. The
biscuit meal only classified six of the same ten people as hyperphagic, therefore it
seemed that the mixed meal was more sensitive but less reliable when used to classify
a hyperphagic group. The mixed meal, however, can be regarded as a valid measure
of hyperphagia because all ten people who exceeded the threshold during one of these
test meals also exceeded the threshold during at least one other meal in the study,

showing that classification of hyperphagia using the mixed meal gave valid results.

The relationships between ‘reported’ hyperphagia and ‘observed’
hyperphagia using the biscuit and the mixed meal

When making a comparison of people who were rated hyperphagic at the digestive
biscuit meal with those at the mixed meal it depends, of course, on where the
threshold is set. The advantage of using normal controls as the yardstick for both

meals is that the method is consistent.
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a) All reported hyperphagics

()

(i)

Positive confirmation of hyperphagia

Twelve of the 25 reported hyperphagics exceeded the threshold of 3337 kJ on
the first mixed meal. The first two mixed meals classified seven people as
hyperphagic who did not exceed the threshold during digestive biscuit meals.
While they were observed during the biscuit meal, at least four of these seven,
who were more socially aware, had appeared to have been restraining, as if
they thought it inappropriate to eat a large number of biscuits. The other
people who ate more at the mixed meal than the biscuit meal seemed to be
borderline hyperphagics, during some meals they exceeded the threshold and
during others they did not. As suggested by the biscuit meal, the hyperphagic
group seemed to represent a continuum. At the severe end of the scale were
five subjects who consistently ate more than the threshold at each of the first

four meals, sometimes to the point where they had to be stopped.

Negative results

Of the 25 people who were given a mixed meal, 13 did not exceed the
threshold. One person, classified as hyperphagic by the first biscuit meal, did
not exceed the threshold during subsequent mixed meals. The apparent reason
seemed to be that she had passed the peak of the hyperphagia stage, and her
eating behaviour had changed, rather than because the mixed meal was an
unreliable method of assessing hyperphagia. The probable reasons for genuine
hyperphagics not exceeding the threshold in test meals are listed on pages 113-

114.
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Like the biscuit meal lowering the threshold would not have had a marked effect (see
figure 9.17). If the threshold was lowered to the mean of the normal elderly + 2
S.E. two more people would have been included, and by lowering it to mean + 1

S.E. one more would have been included (all three exceeded the threshold during

their second mixed meal).

The results show that a group of people are clearly eating more than normal for this
age group. Some, having already eaten a substantial breakfast and a mid-morning

snack, ate more than the equivalent of a whole day’s energy intake at one sitting (see

table 9.15).
Figure 9.17 Mixed meal intake (kJ)
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Eating in elderly control groups

Table 9.15 Estimated average requirements (EAR) (HMSO, 1991)

I Group characteristics Male Female

Age 65-74 75 + 65-74 75 +
Weight (kg) 71 69 63 60

Estimated energy requirements | 9.71 8.77 7.96 7.61
(MJ/day)

Estimated protein requirements | 37.2 g/day for 62 kg person over 50
(g/day)

Whereas both the normal elderly and the non-hyperphagic controls ate less than one-
third of the estimated average daily requirements for their age group, the mean intake
of the hyperphagic group was more than two-thirds of their estimated average
requirements and some ate considerably more than the requirements for the whole day

during a single meal.

b) Non-hyperphagic demented controls

The non-hyperphagic group were more erratic, how much they ate seemed to depend
on their mood, their concentration and restlessness. With all the demented subjects,
whether reportedly hyperphagic or not, the end-point of the meal often seemed to be
apparently arbitrary if, for instance, the person was distracted or walked away
forgetting where they had been eating. The chance timing of the end-point of the

meal determined the total intake (see Chapter 11).

However, the non-hyperphagic controls were apparently not driven to eat by hunger,
as the hyperphagic group seemed to be, nor were they bound by the social

conventions and expectations of the normal elderly. Although the test-retest reliability
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was good, two of the 14 people in the reportedly non-hyperphagic group were
classified as hyperphagic by the mixed meal. This was probably because they had
developed a degree of hyperphagia but the amount of food they had access to was
carefully controlled. Both were reported to be hyperactive. Both were severely
demented and unable to ask or look for more food and neither had access to extra

food, which is why carer’s were unlikely to have seen signs of hyperphagia.

¢) Normal elderly control group

The normal group were consistent in the amount they ate during both types of meal.
None of the 14 normal elderly controls approached the threshold for hyperphagia
during any of the meals. The arbitrary level, of the mean of the normal controls plus
three standard errors, chosen to classify hyperphagia, was clearly reliable in

separating the normal from the ‘observed’ hyperphagic group.

Validity of classification

The mixed meal is probably a more valid measure for confirming hyperphagic
behaviour reported by carers although both the digestive biscuit meal and the mixed
meal were able to identify an extreme group of people with dementia who overeat.
As with the digestive biscuit meal, some subjects refused to participate but fewer
people seemed to be restraining and they treated it as a normal meal and not as a
snack. This seemed to indicate that the mixed meal resulted in fewer people with
hyperphagia being misclassified as normal eaters. However, even for the mixed meal,
this classification did not confirm all the carers’ reports of overeating. This may

partly be that the threshold is a stringent one and also that the subjects, for a variety
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of reasons do not overeat under experimental conditions. Carer’s reports only seemed
to be reliable predictors of hyperphagia if they had enough contact with the person
and there was an opportunity for the subject to have access to extra food or to be able
to ask for more. Sometimes nursing home staff had not noticed that, for people who

they reported as hyperphagic, the overeating stage had ended.

For all three experimental groups, a major difference between the two types of meal
was that on average all groups ate more of the mixed meal than they did at the single
food meal. This confirms experiments investigating sensory specific satiety in young
people, which showed that eating a single food soon results in satiety for that food,

whereas a variety of foods stimulates the appetite (Rolls er al, 1981).

It also seemed that this meal was a better indicator of normal food intake as the
quantity of food eaten during the rest of the day was the same as usual in a larger
proportion of people after the mixed meal than after the biscuit meal. This indicates
that the buffet-style mixed meal has a greater similarity to a normal midday meal.

The mixed meal is a valid, if less stringent, measure of hyperphagia than the biscuit

meal.

Definition of ‘observed’ hyperphagic group

A definition of hyperphagia is an excessive consumption of food in comparison with
someone of the same age and sex. People who were described by this definition were
recruited first from carers’ reports and the validity of their report was tested by direct

observation. Although the experimental setting probably excluded some people who
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were genuinely hyperphagic, it did provide a sufficiently large group to allow an
experimental investigation of hyperphagia. Therefore, for the purposes of future
experiments, subjects were included in the experimental hyperphagic group on the
basis of the carers’ report and if they exceeded the threshold on at least one of the
first three test meals. This group of people were the observed hyperphagic, demented
group used for the experiments described in the rest of the thesis. Together with the
closely matched control groups, they took part in further experiments to characterise

the changes which occur both in dementia and in hyperphagia.
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Chapter 10 MACRONUTRIENT AND FOOD CHOICE:

HYPERPHAGIA, DEMENTIA AND AGEING

1. To investigate whether the choice of macronutrients (protein, fat and
carbohydrate), in those who are hyperphagic, is significantly different from

the two control groups.

2. To investigate whether the ratio of sweet to savoury food intake is affected by

age, by dementia and in hyperphagia.

INTRODUCTION
The question arises, in those who are hyperphagic, whether the preferred
macronutrient intake is abnormal. This is important in a full description of the

phenomenon and in addition it could shed light on the underlying mechanisms.

Neurotransmitters and food choice

From human and animal studies, there is evidence that macronutrient intake is
controlled by neurotransmitters in the brain and that macronutrient intake, in turn,
influences the synthesis of some neurotransmitters. Meal size and macronutrient
composition can affect subsequent cognitive performance (Rogers & Lloyd, 1994).

A high carbohydrate meal, at least when eaten in the morning, is followed by an
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increase in brain 5-HT (Fernstrom & Wurtman, 1971) whereas a high protein meal
is not. The relative intake of carbohydrate is increased in a number of situations:
carbohydrate-craving obesity (Wurtman, 1988a), seasonal affective disorder (Wirz-
Justice & Richter 1979), premenstrual syndrome and behaviour disturbance following
smoking withdrawal. In people with carbohydrate-craving obesity, food rich in
carbohydrate and low in protein were chosen. It is suggested that the foods obese
people choose affect mood and behaviour, making them feel less sad, more energetic
and more sociable. Obesity has been described (Wurtman & Wurtman, 1992) as a
disease of mood, where ‘appetite control is sacrificed to affective state’. Low 5-HT

may be a common mechanism in all these conditions.

In rats, brain 5-HT depletion is followed by a 20-30% reduction in protein intake
(Ashley et al., 1979). People with bulimia nervosa were also found to have a
relatively low intake of protein (Walsh er al., 1992). These authors asked patients
with bulimia nervosa and normal controls to binge. Although people with bulimia ate
more overall, unexpectedly the percentage intake of carbohydrate and fat was very
similar in the two groups. However, the mean energy value of protein, as a
percentage, was significantly lower in the bulimic group (12.1 + 4.1%) than in

normal controls (15.0 + 3.3%; p = 0.01).

Changes in food choice in the elderly

There are conflicting accounts of energy and macronutrient intake in the normal
elderly. Garry er al. (1989) found that in a group of normal elderly, daily energy

intake decreased by 12 kcal a year in men and 4 kcal a year in women. The decrease
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in protein intake was also greater in males and it was this macronutrient which
decreased most with age. Wurtman (1988b) found that healthy elderly people ate
fewer sweets and starchy food snacks than the young and they ate a similar quantity
of protein. These results were found to conflict with a supermarket business survey
which reported that the elderly ate more carbohydrate than the young, at the expense
of protein. Wurtman suggested this could result from mild depression. A Swedish
report found that the elderly ate too much fat but sufficient protein for individuals

who were in good health (Nordstrom et al., 1988).

Anorexia is common in the elderly (Morley & Silver, 1988; Morley et al., 1989) and
Blundell (1988) suggested that undereating is the result of a weak or incomplete
interpretation of the metabolic signals which bring about satiation. He considers that
undereating in the elderly is more likely to be due to a dysregulated system than to

a single pathological mechanism.

Changes in food choice in demnentia

Mungas and colleagues (1990) carried out a brief telephone survey on the food
consumption and preference of people with dementia as well as some behavioural
measures. They contacted the carers of 45 patients with Alzheimer’s disease or
vascular dementia and 43 normal controls. From the answers to the questionnaire
they found that patients with dementia had a clear preference for sweet foods,
whether they were high or low in fat. Carers reported that they needed to restrict
sweet foods for 51% of the patients. Based mainly on simple yes/no answers to

single questions, Mungas and colleagues also found that a preference for sweet foods
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was significantly related to an increase in appetite but not to change in weight or to
the presence of disinhibited behaviour. They suggested that this change in preference
was the result of disinhibited behaviour abolishing the normal control which curbs the
urge for taste gratification, although sweet preference was not necessarily associated
with other disinhibited behaviour and did not relate to degree or duration of dementia.
There was a trend for a greater increased preference for sweets in those with higher

MMSE scores and in males rather than in females.

These results were confirmed by other more searching, semi-structured interviews
with carers. Morris and colleagues (1989) found increased preference for sweet food
in 24 % of a cohort of 33 demented subjects. In the MRC study (see Chapter 7) 29%
of people with dementia had an increased preference for sweet food and 57% would
eat more sweet food than premorbidly if it was available. The reported evidence is

strong but, until now it has not been confirmed experimentally.

There could be several spurious reasons for the reported increase in liking for sweet
food. It could be chance, because when people are searching for food, the most
accessible foods happen to be sweet, for example biscuits, chocolate or fruit. It could
also be that if people are still hungry at the end of a meal and want more to eat, they
are likely to be given more of the sweet food which traditionally ends the meal.
Sweet puddings are often easier to eat than meat dishes if people have problems with
teeth or swallowing. However, there is strong reported evidence that during meals

savoury food is rejected in preference for sweet foods.
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One possible mechanism to account for the sweet-craving may result from a lack of
5-HT (see Chapter 6). As 5-HT induces carbohydrate satiety its lack is likely to
result in overconsumption of carbohydrate and a consequent weight gain. Lack of 5-
HT is also associated with carbohydrate craving and compulsive eating disorders in

dementia (Cooper & Mungas, 1992).

Chung-A-On er al. (1985) measured the food intake of 29 in-patients with severe
dementia and 35 healthy controls. The intake of tryptophan was the same in both
groups but women with dementia ate significantly less protein than the matched
normal elderly controls. A second study by the same team (Thomas er al., 1986)
using a smaller cohort reported that men with dementia also had a significantly lower
protein intake. All the men and 85% of the women ate less than the recommended
daily amount of energy. For the demented subjects in these studies, this was
presumably based on standard hospital food without a choice of food items. In both
males and females with dementia, the mean concentrations of both total and bound
tryptophan were significantly lower than controls. Although the reasons were
unclear, it confirmed previous reports of low plasma tryptophan in dementia
(Lehmann, 1979; Shaw ez al., 1981), and showed it was not due to a lower dietary

intake.

Apart from these data there is no information concerning macronutrient intake in AD,
when subjects are given a free choice of foods, and no data relating hyperphagia to

macronutrient intake or other aspects of food choice.
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Developing the choice of foods

In order to be able to study macronutrient intake, it was first necessary to find a
variety of foods which had varying macronutrient content and, as far as possible,
were of equal palatability. The foods also needed to fulfil the criteria, listed in the

previous chapter, for suitability for use with demented subjects.

a) Pilot work - The first trials were made with 12 food types with a range of
different macronutrient types. The twelve plates of food were arranged in a semi-
circle, equidistant from the subject. In other respects the procedure was similar to
the digestive biscuit meal.

The foods used in the pilot study were:

High protein: slices of cheese and half of a hard-boiled egg

High carbohydrate: brown bread sandwiches with a little margarine, (non-
sweet), digestive biscuits (slightly sweet), pieces of
chocolate and custard cream biscuits (high-sugar)

High fat: cold grilled cocktail sausages

Low-energy: tomato (non-sweet), cucumber; slices of banana, orange,
apple (sweet)

This mixed meal was successful in principle but several modifications were found to
be necessary. It was difficult to arrange twelve separate dishes within easy reach so
it was decided to use only eight foods in the final study, two from each of the four
groups above. Some of the foods were unsuitable, for example chocolate and custard
cream biscuits were too palatable, tempting people who were not hyperphagic to eat
large quantities. To make the results less skewed, digestive biscuits (with normal
sugar content) were substituted instead. Orange could cause coughing and apple
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slices caused choking in some subjects with badly-fitting dentures. Substituting pear

avoided both these hazards.

b) Main study - Eight foods were chosen and tested. Two foods were chosen for
each of the macronutrient classes (as listed below). For each class, the food was
chosen to have a predominant percentage of the relevant macronutrient. Two low-
energy foods were also chosen. For all four classes the aim was to provide a contrast
of colour, texture and sweet or savoury taste. The ideal was to have foods that were
equally attractive so that choice was likely to be related to macronutrient content
rather than palatability. Very sweet foods were avoided, as they were felt to be too
palatable and might override satiety signals, but there was a choice of sweet or non-

sweet carbohydrate food as well as sweet and non-sweet, low-energy foods.

The eight foods were all judged, by a sample of five normal controls, to be palatable
but no one food markedly more attractive than the others. When tested with
demented people, there were no significant problems and some of the food from each

category was sampled.
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Foods for main study

mesnem— e ———————————————————— ——

HIGH PROTEIN

Ham 4 slices Sainsbury’s Premium Honey Roast Ham rolled up
tightly to make them easy to handle and to make the standard
unit look similar in size to the other food portions.

Cheese 8 slices Sainsbury’s low-fat (14 %) cheddar - 17 g a slice.

HIGH CARBOHYDRATE

Bread with a little margarine (non-sweet) 4 slices of Sainsbury’s brown
medium-sliced bread (23 slices per loaf), each slice spread with
4 g Flora margarine. Made into sandwiches and crusts trimmed
to give 8 sandwiches each weighing 15 g.

Digestive biscuits (sweet) 8 Sainsbury’s small Sweetmeal (Digestive) biscuits
(not low-sugar) 250 g pack.

HIGH FAT
Pork sausage 8 Sainsbury’s Premium Pork Cocktail sausages, grilled as
instructed on the packet.

Thick cheese and butter sandwich 8 sandwiches prepared from 2 slices of
Sainsbury’s thin-sliced white bread (27 slices per loaf) spread
evenly with 44 g Sainsbury’s slightly salted, blended butter and
2 triangular portions of Sainsbury’s Cheese Spread. The
sandwich was trimmed of crusts until it weighed 120 g and then
cut into 12 portions of 10 g each.

LOW-ENERGY FOODS
Pear (sweet) A medium-sized pear peeled, cored and cut
longitudinally into 8 equal slices.

Cucumber (non-sweet) A length of peeled cucumber, weighing 100 g
(approximately), cut into 8 equal thick slices.

Subject groups
The three subject and control groups were:

a) 17 hyperphagic demented subjects who had been reported as hyperphagic by
their carer. The criterion for hyperphagic subjects was the ‘objective standard’ given

in the last chapter (i.e. a consumption of, either (1) more than 2824 kJ for a digestive
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Macronutrient content of foods for main study

— —

Food item Macronutrient content (%)
(main macronutrient) e -
Protein Fat Carbohydrate

Ham 20.5 5.6 0.7

Cheese 29.0 14.0 0.2 |
Bread and margarine 7.6 9.6 43.6 l

]

Biscuit 5.7 23.9 69.0
Cheese and butter sandwich 7.5 33.3 23.3

Sausage 13.4 31.2 10.7
Pear 0.3 0 10.6
0.6 0.1 1.8

Cucumber

biscuit meal or (2) more than 3337 kJ for a mixed meal, during at least one of the
first test meals).

b) 14 non-hyperphagic demented controls matched individually for age, sex,
cognitive ability and diagnosis.

c) 14 normal elderly controls matched individually for age and sex.

This chapter describes how the food choice of these three experimental groups was
examined, by analysing the foods which were selected during the first mixed meal,
(described in the previous chapter). The analysis investigated macronutrient choice,
the ratio of sweet to savoury foods and also the types and range of foods selected by
the three groups. The reliability of these food choices was examined. Finally, data
presented in detail later (in Chapter 12) were used to investigate the effect of age,

dementia and hyperphagia on macronutrient and sweet/savoury food choice.
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A. MACRONUTRIENT CHOICE
METHOD

The eight foods described above, were given ad libitum, in a mixed meal (the method
is described in the last chapter). Subjects and controls were given a free choice, to
select as much of any of the foods as they liked. The choice of macronutrients was
calculated for each of the meals eaten and the choices of the three groups were
compared. The macronutrient content and sweet/savoury content of the meal was
analysed using the ‘Weight-watcher’ program, originally devised by Andrew Leech

for use with the Automated Food Dispenser.

From observations during pilot work it seemed that food choice may be unreliable in
some subjects with hyperphagia. Some people were observed to take food from one
particular area on the table regardless of what the food was. One explanation is that
because of their cognitive deficit or because of sensory deterioration they are unable
to discriminate between food types. As a result, subjects may choose food primarily
on the basis of its position on the table, perhaps because it is nearest the hand they
eat with or it might be due to left-side spatial neglect. To eliminate this confounding
factor, the arrangement of food types on the table was rotated for each consecutive
person given a test meal. Also for each repeat mixed meal with the same person, the
position of foods on the table for that person was rotated in the same sequence (see
Chapter 9). This balancing of meal order should eliminate the effect of position from
the means of each group’s results. For each individual, the results of repeat meals
should show whether food choice was random, by macronutrient type or was chosen

by the position of the food on the table.
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The focus of the analysis is the first mixed meal to examine macronutrient intake and
the second mixed meal to examine reliability of the macronutrient intake. For each
group the test-retest reliability was calculated for food choice and total intake of each

macronutrient during the mixed meals.

RESULTS

When macronutrient intake was calculated, as a percentage of total intake, the normal
group ate the highest proportion of protein (18.5%, 334 kJ). The non-hyperphagic
demented group ate less protein both as a percentage of the total (15.4%) and in total
energy (314 kJ). Although the hyperphagic group consumed more protein when
measured in kJ (mean intake 680 kJ), they had a lower percentage intake than either
of the other two groups (12.3%). The macronutrient intake for the three experimental
groups for the first meal is shown in tables 10.1, 10.2, 10.3 and figures 10.1 and
10.2. An independent t-test to compare the means of the percentage intake of protein
showed that the normal elderly ate a significantly greater percentage than the
hyperphagic group (¢ = 3.5, df = 29, p = 0.002). The differences in carbohydrate
and fat as a percentage did not reach significance. Although the non-hyperphagic
demented were intermediate between the other two groups for each of the
macronutrients, eating less protein and more fat and carbohydrate than the normal

elderly, the differences, as a percentage, were not significant.

Predictably, the people in the hyperphagic group ate more of each of the three
macronutrients than either of the two control groups in terms of energy value

(independent t-test: p < 0.003 in each case).
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Reliability

At the second meal, a similar difference was found between the normal elderly
(16.8% protein) and hyperphagic group (12.6% protein), suggesting that this
difference in the percentage of protein intake is reliable, especially in the normal
control group (figure 10.3). Expressed as a percentage of the total intake there was
a significant correlation between protein intake at the two meals (Pearson correlation:
0.462, df = 21, p = 0.03). When energy values (kJ) were compared there was a
significant correlation between all three macronutrients eaten at meal 1 and meal 2

(Pearson correlation: df = 21, protein p = 0.001, fat p < 0.0005, carbohydrate, p
< 0.0005).

The data suggest that percentage intake for each of the three macronutrients can be
ranked, with the hyperphagic group and the normal elderly at the extremes and the

non-hyperphagic demented group in the middle.

The reliability of macronutrient intake was good. Using paired t-tests for all three
experimental groups, there was no significant difference in the protein, fat or
carbohydrate food intake, between the first and second mixed meals (at the p < 0.05

level), as a percentage of the total food intake.
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Table 10.1 Food choice - mixed meal 1

Food item Mean intake per meal in each group -
(main macronutrient) )
Hyperphagic | Non- Normal
demented hyperphagic | elderly
group demented controls
controls
g (%) | g (%) | g (%)
Ham 32.7 (7.0) | 15.8 8.7 ] 354 (14.2)
(protein)
Cheese 32.7 (7.0) | 17.6 9.6) | 14.8 (5.9)
(protein)
Bread and margarine 69.0 (14.7)]42.8 (23.4)]35.6 (14.3)
(non-sweet carbohydrate)
Biscuit 91.0 (19.4)|18.6 (10.2)| 7.9 (3.2)
(sweet carbohydrate)
Cheese and butter sandwich | 76.7 (16.4) | 21.2  (11.6) | 24.9 (10.0)
(fat)
Sausage (fat) 534 (11.4)]129.2 (16.0) | 20.0 (8.0) |
Pear 86.4 (18.4)|25.8 (14.1)|79.5 (31.9)
(sweet low-energy)
Cucumber 27.0 (5.8) | 11.7 (6.4) | 31.4 (12.6)

(non-sweet low-energy)

B. SWEET/SAVOURY CHOICE

METHOD

Several studies, cited above, found a reported increase in sweet-food liking in people

with dementia. An analysis was made to compare the ratio of sweet food chosen by

each of the three experimental groups. The intake of sweet foods (biscuits and pear)

and non-sweet foods (ham, cheese, bread and margarine, cheese sandwich and

cucumber) was calculated using the ‘Weight-watcher’ program. The reliability was

tested by comparing the consumption of sweet food at the two meals. Sweet food

was measured as total energy value of biscuits and pear eaten (kJ) and as the mass
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Figure 10.1 Macronutrient choice - mixed meal 1

Intake in kJ
3000 —_— e -
2500
2000
Bl Protein
1500 - Fat
L] Carbohydrate
1000
500 |-
0
Hyperphagic Non-hyperphagic Normal elderly
demented subjects demented controls controls
(n=17) (n=14) (n=14)

Table 10.2 Mean macronutrient consumption at mixed meal 1 (kJ)

PROTEIN

Group Mean (kJ)

Hyperphagic demented 680 (S.D. 392, n=17)
Non-hyperphagic demented controls 314 (S.D. 218, n=14)
Normal elderly controls 334 (S.D. 122, n=14)

FAT
Group Mean (kJ)

Hyperphagic demented 2777 (S.D. 1553, n=17)
Non-hyperphagic demented controls 990 (S.D. 600, n=14)
Normal elderly controls 878 (S.D. 346, n=14)

CARBOHYDRATE

Group Mean (kJ)

Hyperphagic demented 2006 (S.D. 985, n=17)
Non-hyperphagic demented control 684 (S.D. 486, n=14)
Normal elderly controls 611 (S.D. 165, n=14)
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Figure 10.2 Macronutrient choice - mixed meal 1
Percentage of total meal

Meal intake (%)
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Table 10.3 Mean macronutrient consumption at mixed meal 1 (%)

PROTEIN
Group
Hyperphagic demented

Normal elderly controls

Non-hyperphagic demented controls

Mean (%)

12.3 (S.D. 4.4, n=17)
15.4 (8§.D. 7.7, n=14)
18.5 (S8.D. 5.6, n=14)

FAT
Group
Hyperphagic demented

Mean (%)
49.5 (S.D. 7.6, n=17)

Normal elderly controls
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Non-hyperphagic demented control 47.1 (S8.D. 16.4, n=14)
Normal elderly controls 46.8 (S.D. 8.3, n=14)
CARBOHYDRATE

Group Mean (%)

Hyperphagic demented 38.2 (S.D. 8.2, n=17)
Non-hyperphagic demented control 37.5 (S.D. 20.4, n=14)

34.7 (S.D. 10.1, n=14)



Figure 10.3
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of sweet food eaten (g). Both were calculated as a total and as a percentage of total
intake, to obtain the ratio of sweet to savoury foods chosen. Reliability was tested

by comparing the sweet/savoury food choice at the first and the second mixed meal.

RESULTS

There was a clear pattern, with the hyperphagic group at one extreme and the normal
elderly at the other and the non-hyperphagic in the middle. When the mean total
energy value of sweet food was compared for the three groups (table 10.4 and figure
10.4), using independent t-tests, the hyperphagic group were shown to eat
significantly more than either of the other two groups (p < 0.003). The non-
hyperphagic demented group was very variable, eating more sweet food than the

normal elderly, but the difference was not significant.

As a percentage of total intake the hyperphagic demented ate more than twice as
much sweet food as the normal elderly (table 10.5 and figure 10.5). Using an
independent t-test, the difference in the mean percentage of sweet food eaten by the
hyperphagic group (34.8%) and the normal elderly (16.0%) was highly significant (¢
= 3.4, df = 27.4, p = 0.002). The differences between the non-hyperphagic
demented group and either of the other two groups were not significant at the p <

0.05 level.

Reliability
The reliability of sweet/savoury choice was good. For all three experimental groups,

there was no significant difference in the sweet food intake, between the first and
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Figure 10.4 Sweet/savoury choice - mixed meal 1
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Table 10.4 Mean sweet/savoury food choice at mixed meal 1 (kJ)

SWEET FOOD

Group

Hyperphagic demented (S.D. 1703, n=17)
Non-hyperphagic demented control (S.D. 606, n=14)
Normal elderly controls (S.D. 279, n=14)

SAVOURY FOOD

Group

Hyperphagic demented (S.D. 1917, n=17)
Non-hyperphagic demented control (S.D. 1042, n=14)
Normal elderly controls (S.D. 464, n=14)
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Figure 10.5  Sweet choice (%) - mixed meal 1
Percentage of total meal
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Table 10.5 Mean sweet/savoury food choice at mixed meal 1 (%)

SWEET FOOD
Group Mean (%)

Hyperphagic demented 34.8 (S.D. 19.0, n=17)
Non-hyperphagic demented control 25.9 (S.D. 30.9, n=4)
Normal elderly controls 16.0 (S.D. 12.0, n=14)
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Figure 10.6 Sweet choice (%) - reliability
Percentage of total meal
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Table 10.6 The reliability of sweet/savoury choice (kJ)

Group

Hyperphagic demented subjects (n = 11)

Non-hyperphagic demented controls (n = 5)

Normal elderly group (n = 5)

Table 10.7 The reliability of sweet/savoury choice (%)

Group

Hyperphagic demented subjects (n = 11)

Non-hyperphagic demented controls (n = 5)

Normal elderly group (n = 5)
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second mixed meals (at the p < 0.05 level), either in terms of kJ or percentage

sweet food intake (see tables 10.6 and 10.7 and figure 10.6).

C. CONSUMPTION OF LOW-ENERGY FOODS
METHOD

A comparison of the quantity of low-energy foods eaten (i.e. pear and cucumber) was
made between the three groups. This was measured by total mass and by percentage

mass of the whole meal.

RESULTS

Both demented groups ate a smaller percentage of low-energy food (especially the
non-sweet cucumber) than the normal elderly. The results are summarised in figure

10.7 and table 10.8.

When the low-energy food was calculated as a percentage of total intake, the two
demented groups were not significantly different from each other but both the
hyperphagic demented and the non-hyperphagic demented ate a significantly lower
percentage of low-energy food (pear and cucumber) than the normal elderly (t-test:
p = 0.001 and p = 0.007 respectively). When cucumber and pear were considered
independently both the hyperphagic demented and the non-hyperphagic demented ate
a significantly lower percentage of cucumber than the normal elderly (t-test: p <
0.0005 and p = 0.003 respectively. The difference in percentage mass of pear eaten

was not significant at the p < 0.05 level.
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Figure 10.7 LOW ENERGY FOOD - mass as % meal
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Table 10.8 Consumption of low-energy foods - Mixed meal 1

a) LOW-ENERGY FOODS - total intake in grams
Group Cucumber (g)
Hyperphagic demented 27.0
Non-hyperphagic demented control 11.7
Normal elderly controls 31.4

b) LOW-ENERGY FOODS - percentage of mass of whole meal

Group Cucumber (%) Pear (%)
Hyperphagic demented 4.38 19.75
Non-hyperphagic demented control 5.38 19.49
Normal elderly controls 12.55 31.19
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Reliability
There was high test-retest reliability for the percentage intake of the low-energy
foods. For all three experimental groups, there was no significant difference (at thep

< 0.05 level) in the intake of both pear and cucumber (when calculated as a

percentage mass of the total intake), between the first and second mixed meals.

D. RANGE OF FOODS CHOSEN

METHOD

In order to investigate whether the range of food types chosen differed between the
three groups, the number of different types of food, sampled during meal 1, was
noted (e.g. one person might choose four of the eight types during the course of the
meal and another might eat some of all eight). The means for the groups were
compared to see if there was a significant difference in the number of types of food

sampled. Reliability was investigated by comparing the first two mixed meals.

RESULTS

The normal elderly group usually chose foods in a ‘conventional’ order. They ate
savoury food first, such as protein foods, cucumber and sandwiches, then pear and/or
biscuits at the end of the meal. The demented groups tended to choose a less wide
range of foods, often alternating between sweet and savoury foods. Apart from the
people who chose food according to the position on the table, the people with
dementia ate more of just one or two types of food, mainly carbohydrate foods,

cheese, sandwiches or pear.
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The normal controls chose a wider range of food items, eating a mean of 6.6 of the
eight different food types during the first mixed meal (see table 10.9). The non-
hyperphagic, demented group chose a mean of 4.9 types. The difference between
these groups was significant (t-test; ¢t = 2.68, df = 22.8, p = 0.013). The
hyperphagic demented were intermediate, eating significantly more types than the
non-hyperphagic group (¢t = 2.03, df = 23.7, p = 0.05). The difference between

the hyperphagic group and the normal elderly was not significant.

Table 10.9 Range of food eaten in mixed meal 1.

‘ Group No of Mean no of food types
meals

I Hyperphagic demented subjects 17 6.2 (S.D. 1.4)

Non-hyperphagic demented controls 14 4.9 (8.D. 1.9)
6.6 (S.D. 1.3)

Normal controls

Reliability

The reliability of range of food sampled was good (see table 10.10). For all three
experimental groups, there was no significant difference in the number of foods eaten,

between the first and second mixed meals (at the p < 0.05 level).

Table 10.10 Reliability of range of food eaten in mixed meals 1 and 2.
Group Mixed meal 1 | Mixed meal 2

Hyperphagic demented subjects (n = 10) 6.2 6.2

Non-hyperphagic demented controls (n = 35) 4.2 4.8

Normal controls (n = 5) 7.2 7.4
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E. THE EFFECT OF AGE ON FOOD CHOICE
METHOD

In order to investigate the effect of age on food choice, the macronutrient and
sweet/savoury content of three consecutive test mixed meals were examined. These
meals were given during an experiment to investigate satiety (described in detail in
chapter 12). The meals were given to three groups of normal adults, 12 aged 23-30,
six aged 40-47 and 9 of the normal elderly controls aged over 50 years (range 55-82).
Each of the three mixed meals was preceded an hour earlier by a preload each with
a different energy value, as part of the satiety experiment. One preload was 200 ml
water and the other two were milkshakes, which were apparently identical, but one
had an energy value of 660 kJ and the other 1870 kJ. The macronutrient intake for
test meals and the ratio of sweet to savoury food were calculated as described in part

A of this chapter.

RESULTS
(i) Macronutrient choice - (% of total intake)
The results concerning protein intake are summarised in table 10.11.

Table 10.11 Percentage protein intake

Group No preload Low preload High preload

Young group (n=12) 20.2 20.1 20.4
Middle-aged (n=6) 24.9 24.9 24.5

Normal over 50 (n=9) 18.1* 16.4 17.3

* denotes that the majority of meals in this group were not eaten within the same month as the preload
meals, therefore eating may have changed in the meantime.
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As can be seen, the preload condition does not appear to have any effect on the
percentage protein intake and analysis shows no significant difference between the
three preload conditions for any of the three age groups. Taking the two younger
groups together (i.e. the under 50s) the results showed that they ate a higher
proportion of protein (21.8% over all three preload conditions) than the older group
(17.3%). This difference was significant at the p < 0.05 level. When the under 50s
were divided into two groups, the youngest 12 (mean age 24.9; range 21-30) and the
oldest 6 (mean age 44.2; range 40-47), the protein intake for the younger subgroup,
aggregated over the three preload conditions, was not significantly different from
either of the other two groups but the middle-aged group ate significantly more

protein than the elderly group (t-test: # = 2.66, p = 0.026) - see table 10.12.

Table 10.12 Percentage protein intake (mean of three meals)

Group Age range Mean of three preload meals

Young group age (n=12) 21-30 20.2%
Middle-aged (n=6) 40-47 24.8%
Normal elderly (n=9) over 50 17.3%

The differences between fat and carbohydrate intake with age was not significant at

the p < 0.05 level.

(ii) Sweet food intake - (% of total intake)

The results are summarised in tables 10.13 and 10.14. There was no significant
difference in percentage of sweet food eaten between the three preload conditions.
When the three preload meals were combined, the young group ate a significantly

greater proportion of sweet food across the three conditions as a percentage of total

175



intake, than the middle-aged group (t-test: # = 2.54, p = 0.022). The elderly ate
more sweet food than the middle-aged but the difference was not significant at the p

< 0.05 level.

Table 10.13 Percentage sweet food intake

Group No preload Low preload High preload

Young (n=12) 20.3 19.0 20.6
Middle-aged (n=6) 11.6 9.8 1.7
Normal over 50 (n=9) 19.0* 19.6 16.6

enotes that the majority of meals 1n this group were not eaten within the same month as the preloa
meals, therefore eating may have changed in the meantime.

/
/

Reliability

Test-retest reliability was calculated from the food intake during the test meals
following the water and low-energy preloads. For all three age groups, there was no
significant difference in the percentage of sweet foods eaten, between the two test
meals (at the p < 0.05 level).

Table 10.14 Reliability of sweet food eaten in two test meals.

Group Meal following Maeal following
water preload low-energy
(%) preload (%)
Young (n = 12) 20.3 19.0

Middle-aged (n = 6) 11.6 9.8 I

Normal elderly (n = 9) 19.0 21.1 |

DISCUSSION

The results presented in this chapter suggest five main conclusions,

1. People with hyperphagia eat less protein, as a proportion of total food intake, than
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normal elderly. The results for the demented non-hyperphagic group lie between

those for the other two groups.

2. There is a significant increase in the proportion of sweet food eaten in those with
dementia compared with the normal elderly. The hyperphagic group ate the highest
proportion of sweet food, significantly more as a proportion of the meal, than eaten

by the normal elderly. The non-hyperphagic demented group was again intermediate.

3. There are changes in normal ageing in macronutrient choice. When the young
group were compared with the middle-aged group, the young ate less protein as a
proportion of the meal and more sweet food. The normal elderly ate less protein,
both as an absolute quantity and as a proportion of the whole meal, than either the

young groups and they ate a greater proportion of sweet food than the middle-aged

group.

4. The changes in food choice seen in dementia appear to be an exaggeration of the
changes seen in normal ageing. Furthermore, the changes seen in the hyperphagic
group are still more of an ‘exaggeration’ than those seen in the non-hyperphagic
demented group.
5. Dementia affects the range of foods chosen. In the normal elderly, a wider range
of foods was usually chosen, with a fairly even spread between the eight types. In
both demented groups the choice of foods was usually narrower with a lower

proportion of high-protein foods (ham and cheese) and low-energy food (pear and
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cucumber) being chosen. The lack of social conventions over eating, in the demented

groups, was reflected in the choice and order of foods chosen.

Food choice in dementia

Given that there seems to be a reliable and marked difference in macronutrient intake
and sweet food selection in people with dementia who are hyperphagic, the question

arises as to whether the difference is due to dementia or hyperphagia.

The differences between the normal elderly and the demented groups are mainly a
decrease in protein intake and an increased in liking for sweet food. The change in
sweet food intake in both demented groups confirms the validity of carers’ reports in
this study, the MRC study and other surveys of people with dementia (Morris et al.,
1989; Mungas et al., 1990). The reduction in protein adds weight to the rather
inconsistent results of Chung-A-On et al. (1985) and Thomas ez al., (1986). In spite
of the close matching there seems to be a consistent difference between the non-
hyperphagic demented group and hyperphagic group as the proportion of sweet food
chosen is greater in the hyperphagic group than the non-hyperphagic demented group,
also the proportion of protein food eaten by the hyperphagic group is even less than
the non-hyperphagic demented group. Because of the matching, these differences
cannot be related to sex, age, type of dementia or degree of dementia therefore it may
reflect a more extreme change in one particular aspect of the changes causing
dementia for example the underlying neurotransmitter deficiency in a particular area

of the brain (see below).
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POSSIBLE MECHANISMS FOR CHANGE IN FOOD CONSUMPTION

AND CHOICE

1. Change in diet might contribute to dementia

The radical suggestion has been made that diet might cause (or at least contribute to)
dementia (Lehmann, 1979; Lehmann er al., 1981). A suggested mechanism is that
decreased 5-HT is thought to contribute to some of the detrimental changes in
dementia. The amino acid tryptophan, the precursor of 5-HT, is obtained from
dietary protein. Plasma tryptophan decreases in the elderly and the effectiveness of
tryptophan uptake decreases with age (Curzon, 1985). Low fasting tryptophan
concentrations, both protein-bound and consequently plasma fractions, were found in
patients with senile dementia (Lehman, 1979; Thomas er al., 1986). However, they
found that low plasma tryptophan was not due to lack of dietary intake although it
could be the result of malabsorption. As plasma albumin was also low it could be
that the lower concentration of bound tryptophan was limited by the availability of
albumin for binding. If, as the findings of the hyperphagia study suggest, protein
intake is low when people with dementia choose their own diet, this could contribute

to low levels of tryptophan.

As tryptophan is needed to make 5-HT, a primary dietary lack, or a failure to absorb
tryptophan, might contribute to dementia. Although it has not been reliably
confirmed, a limited improvement, in a few subjects in pilot studies, was reported
after increasing tryptophan levels in the diet (Lehman, 1979; Shaw et al., 1981). It
is not clear that this is relevant to individuals who eat normally but, in the case of

malabsorption, a condition similar to that found in dieting women may apply
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(Anderson et al., 1990), where dieting was found to reduce plasma total tryptophan
and also the ratio of tryptophan to competing neutral amino acids. Therefore dieting
was assumed to reduce the supply of tryptophan to the brain and, in women, it was
shown to have an effect on brain 5-HT function. It is possible that poor nutrition
could exacerbate dementia. However there is no good evidence that it is a primary
cause. Dementia in general, and AD in particular, has many causes (see Chapter 1).
The changes in eating and food choice are likely to be primarily a result of the

dementia rather than its cause.

2. The reduction of 5-HT in dementia may affect diet
As already stated, because of neuronal damage, brain 5-HT is low in AD, and
reduced 5-HT has been associated, amongst other symptoms, with hyperphagia, low

mood, irritability and carbohydrate craving.

The macronutrient composition of each meal can affect plasma tryptophan in two
ways (Fernstrom er al., 1979). First, a reduction in dietary protein increases the ratio
of plasma tryptophan to the sum of the other large neutral amino acids (LNAA).
These LNAA are abundant in dietary protein so their concentration in the plasma
varies directly with the protein content of the diet. As tryptophan competes with
these amino acids for the transport mechanism across the blood-brain barrier,
increasing the ratio favours the entry of tryptophan into the brain. Secondly,
carbohydrate meals stimulate the secretion of insulin which facilitates transport of
branched-chain amino acids into skeletal muscle. This reduces the amino acids which

compete with tryptophan to enter the brain. For example, when insulin was injected
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into fasting rats, plasma tryptophan increased 30-40% (Wurtman, 1978). However,
the effect of macronutrients seems to vary with different experimental conditions.
Most of these experiments involve non-human animals, pure macronutrients and pre-
meal fasting. In more natural conditions, and in humans, protein or carbohydrate

meals may not alter neurotransmitter synthesis (Teff et al., 1989).

There are marked parallels between hyperphagia in dementia and hyperphagia induced
by hypothalamic lesions in the ventro-medial hypothalamus, whether caused by
tumours or experimental lesions (Anand & Brobeck, 1951; Reeves & Plum, 1969;
Celesia er al., 1981). Delayed termination of eating, preference for sweet foods and
choice of high-fat and carbohydrate food, together with a severe reduction in protein
intake are all compatible with a reduction of 5-HT (Leibowitz & Shor-Posner, 1986).
Increased intake of carbohydrate and low-protein diet could hypothetically increase
the availability of 5-HT, at least in a highly dysfunctional system, where the blood-
brain barrier, hypothalamic neurones as well as plasma albumin are known to be

abnormal.

If, in dementia, reduction in 5-HT does influence diet, it might be predicted that the
hyperphagic group are a sub-group with lower levels of S-HT. The change in food
choice towards less protein and more sweet foods could be a consequence of this
reduced 5-HT. Furthermore, the effect of these dietary changes is likely to act in
such a way as to increase 5-HT, therefore serving a useful function. Indeed they
might ameliorate some of the other possible effects of low 5-HT on mood and

behaviour. Increased carbohydrate intake might alleviate the unpleasant symptoms,
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such as dysphoria and irritability, caused by low brain 5-HT. This may account for
the preference for sweet foods. It is tempting to speculate that overeating, a low-
protein and high-sweet food diet might be a form of self-medication giving a greater

feeling of well-being, counteracting the unpleasant effects of low 5-HT.

3. Olfaction

The increased consumption of sweet food might be a result of the deterioration in the
ability to recognise and identify odours (Schiffman et al., 1990). If the sense of
smell deteriorates, people might prefer to eat food which stimulate the taste cells.
Loss of the sense of smell might account for carers reports of some people with
dementia eating substances such as soap and faeces as well as the reported preference

for sweet foods and the less frequently reported preference for salty foods.

4. Taste
Although there is an age-related change in taste thresholds, especially for salt, sweet
and sour tastes (Cowart, 1989), this is not likely to account for the change in taste

preferences shown in these experiments.

5. Stress reduction

The anxiety and depression shown by many people suffering from AD may be
alleviated by mediation of opioid pathways. This may account for the preference
(typical of stress-related feeding) for foods rich in carbohydrate and sweetness, which
is seen in people with dementia in these test meals. Blass (1991) demonstrated that

the calming effect of sucrose, as well as glucose, in human newborn babies is
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characterised by short latency and long duration. He showed that sucrose can also
have an analgesic effect and also that tasting fats, polysaccharide and sugars has a

calming effect on distressed rats and human infants.

6. Depression

A large proportion of people with dementia show signs of depression (Zubenko et al.,
1990). Lack of 5-HT is associated with dysphoric mood and irritability. People with
dementia choose sweet foods preferentially and, as sweet foods are normally
associated with foods rich in carbohydrate, they could alleviate this low mood by
increasing 5-HT synthesis (Wurtman & Wurtman, 1989), the resulting feeling of well-
being if aggressive feelings and depression were reduced might condition future food
choice. Booth (1989) suggests depressed people may crave snack foods and "it could
become increasingly tempting to eat and to keep eating certain foods in certain
circumstances after they had been paired with sensual pleasure, distraction from
distress, or sheer sedation". This is less convincing in dementia because of cognitive

impairment.

7. Hypoglycaemia

Sugar-craving may relieve distress caused by hypoglycaemia. Glucose regulation has

been shown to be abnormal in Alzheimer’s disease (Fisman er al., 1988).
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8. Change in needs

Reduction in protein intake might reflect reduced need. Muscle protein content
diminishes by almost 45% between 25 and 75 years of age. Sources disagree about
whether protein requirements and turnover decrease with age (Kritchevsky, 1992)
although elderly people seem to require more protein per kilogram of body weight
than young people (Lipschitz, 1992). This reduction in protein need might account
for the reduction in intake with increased age, but not in hyperphagia, where the total

protein intake is often higher (as opposed to the percentage of protein in the diet).

In the normal elderly, energy requirements decrease by about a third over the age of
70 (HMSO, 1991) and the basic metabolic rate decreases by a quarter from 26 - 76
years. This makes the high total energy intake in hyperphagia seem to be even more

extreme.

SUMMARY

There is a marked change in macronutrient choice and in the intake of sweet food in
people with dementia, which is even more extreme in the hyperphagic group. The
decrease in the proportion of protein and increased intake of sweet foods may have
many contributory causes but further work needs to be done to investigate metabolic

disturbances and the role of neurotransmitters.
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Chapter 11 MICROSTRUCTURE OF EATING IN

HYPERPHAGIA

AIMS

To examine the microstructure of eating of hyperphagic subjects and to use
microstructural measures to examine the mechanisms controlling the onset and

termination of eating.

INTRODUCTION

Microstructure and its measurement

The ‘microstructure’ of a meal can be defined by many different methods which
involve measuring the rate and pattern of eating within a meal. They include
parameters such as latency before eating starts, the number of bites or mouthfuls,
average bite-size, chewing rate throughout the meal, number of chews per mouthful,
chews per unit time, intra-meal pauses, time spent drinking and rate of ingestion
(Bellisle & Le Magnen, 1981). Other methods of measuring the microstructure of
a meal have been used to give evidence for control mechanisms, for example the
‘edogram’, which is a continuous recording of chewing, swallowing and pausing. A
trace is obtained by attaching devices, such as a strain gauge, to the head and
connecting them to an oscillograph (Bellisle & Le Magnen, 1980). Measurements
vary widely between individuals but remain stable for each person over years. These
measures reveal more than overall food intake and the patterns of eating might have

a diagnostic value in assessing eating disorders and provide a tool for understanding
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systems involved in the modulation of food consumption (Bellisle, 1989).

Normal microstructure

Normal-weight adults consume more during the first half of a meal, that is the rate
of intake slows during the course of the meal (Kissileff et al., 1982; Kissileff &
Thornton, 1982). The cumulative rate of food intake can be measured using a
Universal Eating Monitor (Kissileff er al., 1980) which is a table with an inbuilt
electronic balance, linked to a computer. At the beginning of a meal eating rate is
fast and chewing activity is reduced compared with the end of a meal. An increase
in palatability of food accelerates feeding patterns, mainly because chewing time, the
number of chews per standard bite and the average duration of pauses during the meal
decrease (Bellisle, 1989). Also, with increased palatability, meal size and duration
increase and larger mouthfuls of food are taken. The quantity of water and the

number of sips increase during the course of the meal.

Models of control of food intake

In normal, non-obese subjects Kissileff e al. (1982) found the cumulative food intake
curve (I) was best described by a quadratic equation. In the equation:

I=a+bt+ct

t represents time; the linear coefficient b reflects the initial rate of eating or
facilitation and the quadratic coefficient ¢ is a measure of the degree of deceleration
in intake, it therefore provides a measure of the inhibiting process. They assumed
that the intercept with the y-axis (a) was not important because of experimental error

with the apparatus used. From their analysis, they deduced that two opposing
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processes appeared to control food intake; the initial rate of eating reflecting hunger
and the rate of deceleration reflecting satiety (see Chapter 5). They also found a
difference between the sexes, the curves for men appearing to rise more sharply and
decelerate more rapidly than those for women. The reason for this difference

between the sexes is not clear but they suggest it might be due to physiological or

personality differences.

Although the quadratic equations described most features of food intake, meals ended
more abruptly than the quadratic model predicted, and this was especially true in
women. They suggest, that if this model is correct, there could be three reasons for
this abrupt termination of the meal. One reason could be the effect of sensory
specific satiety; that is, in a single food meal, true termination of eating has not
occurred, only relative inhibition to the food that was given (Rolls et al., 1981).
Evidence in favour of this is that they found that the presentation of a different food
stimulated further food intake. A second reason is that subjects may have learned to
anticipate the discomfort, which would occur if they continued to eat, and therefore
they stop eating before the point predicted in their quadratic model. The third reason
is that cognitive factors, such as concern about eating or thoughts about what subjects
have to do after the meal, might cause them to stop earlier than the predicted point.
The higher restraint scores in women could relate to the larger (but not significant)

difference in women between theoretical and actual duration of a meal.

Rogers (1993, 1994) interprets cumulative intake with a more complex graphical

model (figure 11.1). This differs from Kissileff er al. (1982), principally in
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postulating that once eating begins, there is positive feedback initially rather than a
straight line excitatory component proposed by Kissileff and colleagues. The balance
is between positive feedback, arising from the quality of strong sensory signals caused
by contact with food which stimulates further food intake (palatability), and negative
feedback due to gastric satiety signals. This initial acceleration in the rate of eating
is recognised by the French in their saying, ‘L’appetit vient en mangeant’ (Appetite
comes with eating). There are behavioural data to support this positive feedback.
Wiepkema (1971) observed a large increase in the length of successive feeding bouts
in mice at the start of a spontaneous meal, whereas the length of the non-feeding
intervals did not change in the early part of the meal. It was shown to be dependent
on palatability because when the standard food was adulterated with a bitter substance
the early increase in feeding-bout length was greatly reduced. Palatable food enhanced
feeding (positive feedback) but bitter food markedly inhibited feeding (Wiepkema,
1971). When the positive and negative feedback elements are combined (see figure
11.1), it gives a sigmoid cumulative intake curve for normal subjects instead of a

simple quadratic proposed by Kissileff and colleagues.

Microstructure changes with normal ageing

Hungry newborn babies consume 80% in the first half of a meal and only 20% in the
second half. This deceleration becomes less marked with age until, in the healthy
elderly, 81.4% have a near-linear cumulative intake curve (Meyer ez al., 1980). The
lack of deceleration, indicating satiation, suggests either that internal regulation
becomes weaker in the elderly or that eating is controlled by habit (as in some other

patterns of behaviour in the elderly). Anorexia and weight loss are commonly found
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in the elderly (Morley & Silver, 1988). This is partly a result of diseases associated
with ageing but there is probably an increased satiety effect of CCK in the elderly
(Morley et al., 1989). From their work with ageing rodents, they found that
increased activity of CCK was possibly due to decreased degradation of CCK or to
increased receptor or post-receptor sensitivity. Also there is a decreased effectiveness
of the opioid feeding system. In elderly humans, less acute senses of taste and smell
diminish the pleasure in eating.

Figure 11.1. Hypothetical model of positive and negative feedbacks operating on
eating during a meal.

Top: stimulatory and inhibitory effects of sensory and gut-mediated signals.
Bottom: resulting cumulative amount of food eaten across the meal (Rogers, 1993).

h
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Microstructure of eating in bulimia nervosa and obesity

People with bulimia nervosa usually have a slower rate of food intake (measured as
energy in unit time) during normal meals compared with normal controls
(Hetherington er al., 1993). In Hetherington’s study the eating rate of normal
controls was 188.8 kJ/min (45.1 kcal/min), whereas the eating rate of subjects with
bulimia nervosa was 139.8 kJ/min (33.4 kcal/min). Eating behaviour of people with
bulimia nervosa is more disturbed than normal controls when rated on the Eating
Behavior Rating Scale (EBRS, Wilson er al., 1989; see Appendix III). The most
frequent behaviour ratings were for eating low-energy foods, expressing distaste,
picking at foods, eating abnormally slowly, more negative affect especially during
high-energy meals, a long latency period before eating started and an absence of
sensory specific satiety (Hetherington & Rolls, 1989; Hetherington et al., 1993).
When unable to purge they ate for longer but excessively slowly (Hetherington et al.,
1993). During binge meals, when purging follows, people with bulimia eat excessive

amounts very quickly (Walsh, et al., 1992).

Obese people, in test meals with highly palatable food, ate less and ended earlier than
lean subjects. They ate more quickly, however, as if they were relatively more
stimulated than the lean subjects i.e. making fewer chewing movements, spending less
time chewing each food unit and with fewer pauses during the meal. They also spent
more time drinking (Bellisle & Le Magnen, 1981). Unlike normal weight controls,
obese people and people with weight problems did not decelerate in the second half
of the meal (Meyer & Pudel, 1972; Meyer et al., 1980; Bellisle and Le Magnen,

1981; Westerterp-Plantenga et al., 1990, 1992). This may be due to previous high
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deprivation, palatability of food or failure of the satiety mechanism. As they eat less
than lean people during test meals, satiation sensations may not have developed
enough to alter the pattern of eating before they stopped eating. Meyer and
colleagues suggest that internal signals are strong for normal-weight people e.g.
filling of stomach, blood-sugar levels, insulin levels, but external signals are more

important for obese people e.g. taste, usual mealtime, availability and appearance of

food.

MICROSTRUCTURE IN THE HYPERPHAGIC DEMENTED GROUP
AIM
The aim of this study was to see if there was a failure of the normal mechanism

controlling satiation in subjects who demonstrate hyperphagia. This was examined

by comparing the change in the rate of ingestion through the meal.

INTRODUCTION

It was expected that in those who are not hyperphagic, the rate of ingestion would
decrease towards the end of the meal, as the subject became satiated (Kissileff ez al.,
1982). If the mechanism controlling satiation were disrupted in subjects who were
hyperphagic, it was predicted that the rate of ingestion would remain constant even
throughout a lengthy meal. In some people it might increase, as Meyer ez al. (1980)
found that one hyperphagic, demented, elderly person even showed positive curves
i.e. more was consumed in the second half of the meal. If hyperphagia is driven by
hunger it might be predicted that the latency period would be short, and the eating

rate would be rapid i.e. mouthfuls would be large and frequent.
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Measuring microstructure in demented subjects

Measuring the microstructure of eating in people with dementia using the standard
methods is usually impractical. Most recording methods are unsuitable, for example
food dispensers are too complex, a table with an inbuilt balance relies on people
leaving the plate in position and eating without jogging the apparatus. Electronic
monitoring devices, to measure chewing and swallowing, are unlikely to be tolerated
by people who do not understand their purpose and even observing facial expression
is difficult as the face is often mask-like. The only previous study of microstructure
of people with dementia used a liquid-food dispenser (Meyer ef al., 1980). This was
only found to be suitable for people with mild dementia. Direct observation, during
a normal style of meal, using a videorecording to analyse microstructure seemed the

only feasible method.

Before microstructure is analysed, definitions need to be specified to ensure that

ratings are reliable. The definitions adopted for this study are given in table 11.1.
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Table 11.1 Operational definitions used in analysis of microstructure in the elderly

(a) LATENCY

The time, in seconds, from the subjects being presented with food until taking the first
mouthful.

(b) LOADING RATE
The rate of food intake measured as mouthfuls per unit time. Two mouthfuls were rated if

loading was separated by two or more bites or if the hand was taken away from the mouth
in between. Eating a crumb or licking was not counted as a mouthful.

(c) CHEWING RATE

Chewing was timed from the closure of the mouth after ingestion or when the hand was
moved away from the face. Each distinct jaw movement was counted as one chew.
Chewing rate was standardly measured by timing the period taken for 20 chews. Pilot
work showed, however, that chewing rate is almost constant over short periods of time, so
that the period chosen for measurement is not critical.

(d) INGESTION (ENERGY CONSUMPTION) RATE

Ingestion rate was measured in kJ ingested per minute. From the videorecording an
estimate was made of the food portions eaten during each S-minute interval. If the size of
the piece of food eaten could not be seen accurately, the mouthful was estimated by
dividing the unit by the number of loads taken to eat it, for example if a person took four
mouthfuls to eat a biscuit, each bite was counted as a quarter if there was no obvious
difference between the bites. Some studies have measured ‘local eating rate’ which is the
rate at which food is disposed of (i.e. chewed and swallowed) once it enters the mouth
(Rogers & Blundell, 1979). This was too difficult to measure in most people with
dementia as chewing movements were prolonged beyond the point where the mouth
seemed to be empty.

(e) ANALYSIS OF EATING BEHAVIOUR

The Noldus Observer Program is designed to record the frequency and duration of
behaviour when it is being observed directly. It was used to record eating behaviour
during a meal while watching videorecordings. The types of behaviour were keyed into
the program as they occurred and were rated as mutually exclusive; loading ended as
chewing started and the next load, drinking or ‘other’ behaviour marked the end of
chewing.

CHEWING and LOADING were rated as described above. DRINKING was rated as
starting when the glass was raised to the lips and ending when it was replaced on the table
or another activity intervened. OTHER included any activity, while sitting, not listed
above including empty chews, talking or looking about. WALKING started when a
person got up and moved out of view. Walking was rated even if eating was occurring at
the same time.

END OF THE MEAL

The definition of the end of the meal was when the last mouthful had been chewed until:-

(i) the mouth appeared to be empty (automatic chewing movements are not counted if
the food appeared to have been swallowed or if chewing continued for an
inappropriate length of time);

(ii) the subject started to drink water and the mouth appeared to be empty afterwards;

(iii) the subject got up and did not return to eat again within a reasonable time, i.e. 5

minutes unless there were extenuating circumstances e.g. visit to lavatory.
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RELIABILITY OF METHODS USED TO MEASURE

MICROSTRUCTURE

1. INTER-RATER RELIABILITY

METHOD

To test for inter-rater reliability, a second observer (Kathy Gedling) and I watched,

and rated independently, the first 15 minutes of videorecordings of six digestive

biscuit meals and seven mixed meals. Two tapes, for each type of meal, were chosen

at random from each of the three groups (hyperphagic demented, non-hyperphagic

demented and normal controls plus one extra normal control mixed meal).

Reliability was measured for:-

a)

b)

d)

latency before first mouthful - times were rated as concordant if within 2
seconds;

number of mouthfuls taken (excluding crumbs or licking);

timing of each mouthful - times were rated as concordant if within 2 seconds;
proportion of food item eaten during each mouthful - ratings were concordant
if the second rater’s estimate of the proportion of food item was within 20%
of my rating;

in addition, for the digestive biscuit meal, the total intake was estimated and

for mixed meals identification of the type of food eaten was rated.
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RESULTS

a) Latency

Both raters rated latency to within 1 second in all 13 meals.

In each of the tables below the total scores for different measurements of
microstructure are listed for the three groups. The scores, made by each observer,

are given as a ratio (rater l:rater 2) with the percentage concordance in brackets

after.

b) Mouthfuls rated

| Group Digestive biscuit meal Mixed meal

Hyperphagic group 52:56 (93%) 79:78 (99%)
Non-hyperphagic demented controls 16:16 (100%) 61:60 (98%)
Normal controls 52:52 (100%) 134:134 (100%)

¢) Timing of_ each mouthful

Group Digestive biscuit meal Mixed meal

Hyperphagic group 55:56 (98%) 76:78 (97%)

Non-hyperphagic demented controls 16:16 (100%) 60:60 (100%)
Normal controls 51:52 (98%) 134:135 (99%)

d) Proportion of food item eaten during each mouthful

Group Digestive biscuit meal Mixed meal
Hyperphagic group 45:56 (80%) 51:78 (65%)

Non-hyperphagic demented controls 10:16 (63 %) 45:60 (75%)
Normal controls 42:52 (81%) 140:152 (92 %)

e) Estimated intake

Digestive biscuit meal

Hyperphagic group 9.5:9.63 (99%)
Non-hyperphagic demented controls 4.1:3.38 (82%)
Normal controls 14.0:14.0 (100%)
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Group Mixed meal - food identification
Hyperphagic group 76:78  (97%)

Non-hyperphagic demented controls 60:60 (100%)
Normal controls 138:152 (91%)

The results show that inter-rater reliability for all items and all groups was high.

2. INTRA-RATER RELIABILITY

METHOD

To test intra-rater reliability, my ratings, from the same 13 tapes, were compared
with the original ratings which had been made either during the meal or from

videorecordings shortly after the meal. The same criteria were used as for inter-rater

reliability.

RESULTS

a) Latency

Both sets of rating for latency to within 1 second in all 13 meals.

In each of the tables below the total scores for different measurements of
microstructure are listed for the three groups. The scores, during each rating session,
are given as a ratio (rating 1:rating 2) with the percentage concordance in brackets
afterwards.

b) Number of inouthfuls taken (loads)

Group Digestive biscuit meal = Mixed meal

Hyperphagic group 56:58 (97%) 78:78 (100%)

Non-hyperphagic demented controls 16:16 (100%) 59:60  (98%)
Normal controls 52:52 (100%) 132:134 (99%)
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¢) Timing of each mouthful

Group Digestive biscuit meal = Mixed meal

Hyperphagic group 56:56 (100%) 76:78  (97%)
Non-hyperphagic demented controls 16:16 (100%) 59:59 (100%)
Normal controls 52:52 (100%) 133:134 (99%)

d) Proportion of food itein eaten during each mouthful

Group Digestive biscuit meal = Mixed meal

Hyperphagic group 56:56 (100%) 78:78 (100%)
Non-hyperphagic demented controls 16:16 (100%) 53:58 (O1%)
Normal controls 52:52 (100%) 141:141 (100%)

Digestive biscuit meal l

Hyperphagic group 9.6:10.0 (96%)
Non-hyperphagic demented controls 3.0:3.2 (96%)
Normal controls 14.0:14.0 (100%)

e) Estimated intake

Group

Group Mixed meal - food identification
Hyperphagic group 78:78 (100%)

Non-hyperphagic demented controls 54:59 (100%)
Normal controls 133:152 (88%)

The results show that intra-rater reliability was high for all items and all groups; and

was slightly higher than inter-rater reliability.

3. INTRA-SUBJECT RELIABILITY

METHOD

To examine test/retest reliability of the microstructure during meals, the following
comparisons were made:

a) Time spent eating during first two biscuit and mixed meals.

b) Eating rate during the entire meal (total kJ divided by total meal time).
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RESULTS

a) Meal time

Both demented groups ate for a significantly longer time (on average) than the normal
elderly at the first biscuit and mixed meals (t-test: hyperphagic group p < 0.0005 for
both meals; non-hyperphagic group p = 0.02 and 0.009 respectively). There was no
significant difference in meal time between the two demented groups. The test-retest
data showed that the time taken for each type of meal was reliable between meals,

especially for the normal elderly (figure 11.2 and table 11.2).

b) Ingestion rate

When a paired t-test was carried out using the test-retest data there was no significant
difference between the two meals for ingestion rate in any of the three groups and the
correlation between the overall ingestion rates (eating rate) for meal 1 and meal 2 was
highly significant (see figure 11.3 and table 11.3). Overall there was a high
correlation in the eating rate between the two digestive biscuit meals (Pearson

correlation: 0.738, p < 0.0005).
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Figure 11.2 Time taken for meals

Biscuit meal 1 and mixed meal 1

80 Mean meal time (minutes)

] Digestive meal
__| Mixed meal

Hyperphagic Non-hyperphagic Normal eiderly
demented subjects demented controls controls
(ne17) (ne14) nel4

Table 11.2 Reliability of meal time for digestive biscuit meals 1 and 2

DIGESTIVE MEAL 1

Subject group Meal time in minutes
Hyperphagic group 58.7 (S.D. 37.0, range 5-120, n=10)
Non-hyperphagic demented 33.8 (S.D. 29.3, range 8-69, n= 5)
Normal elderly controls 11.8 (S.D. 7.2, range 6-24, n=5)

DIGESTIVE MEAL 2
Subject group Meal time in minutes

| Hyperphagic group 65.5 (S.D. 36.5, range 21-120, n=10)
| Non-hyperphagic demented 28.8 (S.D. 21.6, range 6-58, n= 5)
| Normal elderly controls 12.0 (S.D. 8.6, range 5-24, n=35)

Test/retest reliability of overall eating rate
—

DIGESTIVE BISCUIT MEALS 1 and 2 Pearson correlation
Hyperphagic group (n=10) 0.955 (p < 0.0005)
Non-hyperphagic demented controls (n=3) 0.565 (p = 0.321)

| Normal elderly controls (n=5) 0.888 (p = 0.044)

| All groups (n=20) 0.916 (p < 0.0005)
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Figure 11.3 RELIABILITY - test-retest
Eating rate (kJ/minute)
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Table 11.3 Test-retest reliability of ingestion rate (biscuit meals 1 and 2)

Subject group kJ/minute

Hyperphagic group 80.2 (S.D. 47.6, range 32-180, n=10)
Non-hyperphagic demented 61.0 (S.D. 31.2, range 36-114, n= 5)
Normal elderly controls 101.5 (S.D. 13.5, range 80-117, n=5)

a
!

DIGESTIVE MEAL 2
| Subject group kJ/minute
| Hyperphagic group 68.8 (S.D. 34.9, range 24-128, n=10)
f Non-hyperphagic demented 53.4 (S.D. 37.1, range 21-155, n= 5)
; Normal elderly controls 99.6 (S.D. 24.6, range 78-140, n= 5)

Test/retest reliability of overall eating rate

| DIGESTIVE BISCUIT MEAL 1 and 2 Pearson Correlation
| Hyperphagic group (n=10) 0.698 (p =0.025) |

i Non-hyperphagic demented controls (n=35) 0.901 ( = 0.037)
|

Normal elderly controls (n=35) 0.305 (p = 0.617)

|

| Al groups (n=20)
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ANALYSIS AND DETAILED DESCRIPTION OF THE MICRO-

STRUCTURE OF EATING AND THE CHANGES IN RATE OF
EATING DURING THE MEAL
METHOD

Although both the biscuit meals and the mixed meals were shown to be reliable for
the overall aspects of microstructure, for example total eating time and eating rate
(see above), the microstructure of the ad libitum low-sugar digestive biscuit meal was
analysed for the detailed microstructure of eating. To ensure uniformity, the results
of the biscuit meal were used so that differences in texture or palatability did not
affect microstructure parameters. Chewing rate for example is known to vary with
the texture of the food (Christensen, 1984) and increased palatability decreases

chewing time and increases the size of mouthfuls (Bellisle, 1989).

For each of the three groups of subjects and controls, the following measurements

were made, using videorecordings of the first single-food meal.

a) Latency
Latency period before eating started was measured in seconds. No initial instructions
were given to the demented groups in order to estimate the intensity of their hunger.

As with the other meals, a prompt was given if eating had not started after 2 minutes.

b) Loading rate
The overall loading rate for the whole meal for each of the three groups was

compared. Loading rate was measured in three ways (i) mouthfuls eaten in unit time,
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(i) mass eaten in unit time and (iii) the numbers of mouthfuls taken in each five-
minute period of the digestive biscuit meal. These data were plotted on a graphically

to see if loading rate changed during the course of the meal.

¢) Chewing rate

Chewing rate was measured at S-minute intervals throughout the meal. For people
who ate for less than 15 minutes the chewing rate was measured every 2 minutes.
Chewing, after the first mouthful of each 5-minute interval was timed if the mouthful
was chewed more than 10 times. A mouthful of less than 10 chews was ignored and
the next mouthful was rated. If there were =10 and < 20 chews, the time for 20
chews was extrapolated. If no new mouthful was taken within the 5-minute period,

chewing was timed from the beginning of the period (if it was occurring regularly).

d) Ingestion rate

The energy value of food ingested, during each 5-minute interval, was estimated from
the videorecording. The overall eating (ingestion) rate was calculated (total kJ
intake/total meal time). The mean size of mouthful was also calculated, by dividing
the total mass of biscuit eaten by the number of loads. The cumulative total of food
eaten was calculated and plotted on a graph. The shape of the curve was examined
to see if it showed a linear, accelerating or decelerating ingestion rate during the
course of the meal. Each person’s cumulative intake curve was tested to see how well
the data fitted a quadratic equation and R? (the coefficient of determination) was
calculated in order to measure the goodness of fit and indicate the percentage variance

accounted for by the equation.
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e) Analysis of eating behaviour

Different activities during each quarter of the meal were analysed using the Noldus
Observer Program to calculate the time spent loading, chewing, drinking, walking and
‘other’ activities (see table 11.1 for definitions). The total time for the meal was
divided into 4 equal periods and the program run for each quarter. Afterwards, the
quarter-meal intervals were each subdivided into four to give a more detailed

breakdown of activities. Intra-meal pauses were calculated by totalling ‘other’

behaviour from data from the Observer program.

The Eating Behavior Rating Scale (Wilson er al., 1989, see Appendix III) was
developed as a measure of eating pathology in anorexia nervosa. The scale was later
adapted to assess the eating pathology in bulimia nervosa (Hetherington et al., 1993).

In the present study it was used to assess eating abnormalities during both types of

meal.

RESULTS
a) Latency
The results are summarised in table 11.4 and figure 11.4 Because of some atypical
cases, where people were reluctant to start eating, the results were skewed and did
not follow a normal distribution. The median, rather than the mean, was taken as the
best summarising measure for each group. Several people in the hyperphagic group

started to eat before they were seated.

The hyperphagic demented group had a significantly shorter latency than the non-
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hyperphagic group (t-test: 1 = 2.9, df = 29, p = 0.007). There was much greater
variability in latency in both groups with dementia compared with the normal
controls. The hyperphagic group had a slightly shorter latency than the normal
elderly controls as well, although this difference was not significant. The

hyperphagic group was more variable.

The non-hyperphagic demented controls were significantly slower than the normal
elderly in starting the first digestive biscuit meal (t-test: £ = 2.7, df = 25, p = 0.01)
and the first mixed meal (t-test: + = 2.6, df = 26, p = 0.01). In the non-
hyperphagic demented group, latency varied from 0 to several minutes with many
individuals needing to be prompted to start, sometimes through apparent lack of
interest in the food, sometimes because they were not sure what they were supposed

to be doing.

b) Loading rate
(i) Mouthfuls eaten (loads) in unit time

The loading rate for both demented groups was significantly slower than for the
normal elderly. An analysis of variance (ANOVA) showed that there was a
significant difference in loading rate between the groups (ANOVA: F [2,41] 14.2, p
< 0.00005). Using independent t-tests, the non-hyperphagic demented controls were
shown to be significantly slower than the normal elderly (¢ = 6.3, df = 24.5, p <
0.0005). The loading rate of the hyperphagic demented group was significantly
slower than the normal elderly (¢ = 3.3, df = 28.9, p = 0.002) but faster than the

non-demented controls (¢ = 2.1, df = 27.0, p = 0.045). The normal elderly took
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LATENCY - Digestive biscuit meal

Figure 11.4
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Table 11.4 Latency period
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the most frequent mouthfuls and the non-hyperphagic demented had the slowest rate

(see table 11.5).

Table 11.5 Loading rate

DIGESTIVE MEAL 1
Subject group Mean loads/minute

Hyperphagic group 1.8 (S8.D. .97, range 0.7-4.4, n=17)
Non-hyperphagic demented 1.2 (S.D. 0.6, range 0.5-2.3, n=13)
Normal elderly controls 2.8 (S.D. 0.7, range 1.7-4.3, n=14)

(ii) Mass eaten in unit time
The difference between the groups was highly significant (ANOVA: F [2,43] 12.6,
p < 0.00005). The normal elderly ate the greatest mass in unit time; this was
significantly more than the hyperphagic group (¢t = 2.9, df = 26.2, p = 0.008) and
very much faster than the demented controls (¢ = 5.0, df = 23.1, p < 0.0005). The
hyperphagic group ate significantly more quickly than the non-hyperphagic demented

group (t = 2.4, df = 30, p = 0.02). See table 11.6.

Table 11.6 Mass eaten in unit time

DIGESTIVE MEAL 1

Subject group Mean mass (g)/minute
Hyperphagic group 3.9 (S.D. 2.0, range 1.5-9.0, n=18)
Non-hyperphagic demented 2.5 (S.D. 1.6, range 1.0-6.1, n=14)

Normal elderly controls 6.1 (S.D. 2.3, range 3.8-12.2, n=14)

(iif) Change in loading rate during the course of the meal
The loading rate in a few of the hyperphagic group showed signs of slowing in meals
which lasted for more than an hour. Irregularities, mainly in the non-hyperphagic
demented group, were due to other activities which replaced eating. Prompts were

often needed to see if the person had finished eating or still wanted some more.
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The normal elderly ate steadily and consistently and there was no evidence of slowing
towards the end of the meal. When the two demented groups were compared, the

people with hyperphagia were significantly faster eaters than the non-hyperphagic

controls, who were matched for cognitive ability.

c) Chewing rate - changes during the course of the meal

Chewing rate varied between individuals but was moderately constant for each person
throughout the meal. There was no systematic change in chewing rate during the
course of the meal for any of the three groups and in particular no slowing down at
the end of the meal (see figures 11.5 a-c).

Figure 11.5 a
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Figure 11.5b Chewing rate - non-hyperphagic
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d) Ingestion (energy consumption) rate
(i) The overall ingestion rate

The normal elderly had a significantly faster eating rate than both the hyperphagic
group (¢ = 2.8, df = 25.0, p = 0.01) and the non-hyperphagic group (¢ = 4.8, df
= 22.6, p < 0.0005). This appeared to be because their coordination was better
than the two groups with dementia and they were not as easily distracted as the non-
hyperphagic group. The hyperphagic group ate significantly faster than the non-
hyperphagic demented (¢ = 2.4, df = 30, p < 0.03). The reliability data (table
11.3) show a very stable pattern with the normal elderly controls having the fastest
eating rate, the non-hyperphagic demented controls eating more slowly at about half

this rate and the hyperphagic group being intermediate.

(i) Mean size of mouthful
The mean size (measured in grams) of each mouthful (load or bite-size) is given in
table 11.7 below. The difference between groups is not significant.

Table 11.7 Mean size of mouthful

DIGESTIVE MEAL 1
Subject group Mean grams/load
Hyperphagic group 2.5 (S.D. 1.1, range 0.5-4.4, n=17)

Non-hyperphagic demented 2.0 (S.D. 0.8, range 0.9-3.7, n=13)
Normal elderly controls 2.2 (S8.D. 0.5, range 1.0-2.9, n=14)

(iii) Cumulative ingestion rate - (kJ ingested each S-minute interval)
The cumulative intake curves (figure 11.6 a-c) were almost linear for all three groups
of subjects but there was some deceleration in the rate of intake towards the end of

the meal i.e. more was eaten in the first half of the meal than the second half in each
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of the three groups. There was no significant difference between any of the three

groups in this reduction in intake in the second half of the meal.

The ingestion rate varied from individual to individual but for each of the normal
controls the rate, throughout the meal, was virtually constant. However, people in
the hyperphagic group who started off abnormally fast, eating more than 700 kJ in
the first 5 minutes, did reduce their rate of intake during the course of the meal,
(although chewing rates remained constant). The cumulative ingestion curves showed
a similar pattern to the loading rate, demonstrating that the size of the piece of food

ingested did not change markedly as the meal progressed (see figures 11.6 a-c).

Quadratic equations were fitted to the intake curves, using the methods of Kissileff
and colleagues (1982). The degree to which the curves are fitted by a quadratic
equation is measured by values for R? (the coefficient of determination). The R?
values for the normal elderly were all 0.990 or more (mean 0.996, n = 10). The
hyperphagic demented curves too fitted a quadratic (mean R? = 0.994, range 0.97 -
1.0, n = 10). The non-hyperphagic demented were more variable (mean R?> =

0.970, range 0.91-1, n = 11).

The initial rates of eating (measured by the linear coefficient - b in the quadratic
equation), in the hyperphagic group and the normal elderly were not significantly
different from each other but both were significantly faster than the non-hyperphagic
group (t-test; £ = 2.34, p = 0.034 and ¢ = 4.81, p < 0.0005 respectively) - see

table 11.8.
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Table 11.8 Quadratic equation coefficients

Group Linear Quadratic | Coefficient of
coefficient | function determination

(b) (c) R?)

Hyperphagic demented group 107.8 -0.57 0.994
(n = 10)
Non-hyperphagic demented 51.6 -0.02 0.970

group (n = 11)

Normal elderly group 145.9 -3.18 0.996
(n = 10)

The quadratic function (¢), which gives a measure of the inhibitory process, or

deceleration, was significantly higher in the normal elderly than in either of the
groups with dementia (t-test: normal elderly/hyperphagic group ¢ = 3.49, p = 0.006;
normal elderly/non-hyperphagic group ¢+ = 2.74, p = 0.013). The difference
between the hyperphagic group and the non-hyperphagic group was not significant.
The intercept (a) is assumed to be zero in these calculations. A positive intercept is
an indication of the latency period before eating starts whereas a negative value
indicates an initial acceleration in the eating rate. No reliable estimate can be made
for the initial acceleration from these data because of the high variability of the
latency period. Four of the non-hyperphagic controls appeared to have accelerating

curves because of their long latency period.
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Figure 11.6 a Cumulative intake curves - hyperphagic group
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Figure 11.6 b Cumulative intake curve
Intake (kJ) non-hyperphagic demented group
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Figure 11.6 ¢

Cumulative intake curve - normal elderly
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e) Analysis of eating behaviour

So far, any systematic changes in behaviour during the meal have been examined by
seeing whether rates of eating behaviour (e.g. chewing rate, ingestion rate) have
altered during the course of the meal. In this section, the question of changes during
the meal will be examined both in terms of eating and non-eating behaviour. From
the video-recordings, the time spent in various types of behaviour was examined.
These types of behaviour were: loading, chewing, drinking, walking around and
‘other’ behaviour. ‘Other’ behaviour included time spent sitting but not eating or
drinking (i.e. with no food or drink in the mouth and not loading food or drink.
During each half of the meal the percentage of the time spent in these activities was

recorded for ten people in each of the three subject and control groups (see table 11.9
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and figure 11.7 a-¢). Intra-meal pauses, i.e. the time spent in ‘other’ behaviour, were
found to increase in the second half of the meal in all three groups but the difference
was not significant (table 11.9).

Table 11.9 Percentage of time spent in each activity in each half of the meal

Activity and group Results of t-test
t- value and
(probability)

LOADING
Hyperphagic demented group 2.73
Non-hyperphagic demented group 0.09
Normal elderly group 2.15

CHEWING
Hyperphagic demented group 2.8

Non-hyperphagic demented group 0.06
Normal elderly group 0.23

DRINKING
Hyperphagic demented group 0.68
Non-hyperphagic demented group 0.56
Normal elderly group 0.12

OTHER BEHAVIOUR
Hyperphagic demented group 0.93
Non-hyperphagic demented group 0.06
Normal elderly group 0.84

WALKING

Hyperphagic demented group
Non-hyperphagic demented group
Normal elderly group

Walking behaviour was not included in ‘intra-meal pauses’ as the only people who
walked about during the meal were in the hyperphagic group and they were usually
eating as they walked. They returned to the table periodically to collect more food,
which explains why walking increases in the second half of the meal without affecting
the overall ingestion rate. It also explains why the only significant differences

between the two halves of the meal were in the hyperphagic group. In the second
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half of the meal, the hyperphagic group were recorded as spending significantly less
time loading and chewing food because, as subjects were walking, their loading and
chewing behaviour was not recorded. However, when the figures for loading,

chewing and walking were combined there was no significant difference between the

two halves of the meal.

Figure 11.7 a Loading time (% of meal)
Time spent loading food into mouth

% of meal spent loading
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Table 11.7 b Chewing time (% of meal)
Time spent chewing food
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Table 11.7 ¢ Drinking time (% of meal)
Time spent drinking water

% of meal spent drinking
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Table 11.7 d Other behaviour (% of meal)
Latency plus intra-meal pauses

% of meal spent pausing
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Table 11.7 e Walking time (% of meal)

Time spent walking during course of meal

% of meal spent drinking
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The analysis was repeated for each sixteenth of the meal and the results plotted (see
figure 11.8 a-c). In the hyperphagic group more time was spent in drinking as the
meal progressed. In three of the ten subjects, walking markedly increased towards
the end of the meal (see figure 11.9 a-c for graphs showing time spent chewing and

time spent walking for three individual subjects).

In the non-hyperphagic demented group, there was a greater proportion of ‘other’
behaviour than in the normal elderly. This included looking about, ‘fiddling’ with
the biscuits (e.g. moving them round the plate, tapping them or crumbling them),

talking, empty chewing movements. No-one walked during the course of the meal.

Figure 11.8a  Analysis of behaviour during meal
Hyperphagic demented subjects
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Figure 11.8b  Analysis of behaviour during meal
Non-hyperphagic demented controls
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The normal elderly were very uniform in their eating behaviour. They loaded food
at regular intervals, sipped water intermittently throughout the meal and did not show
much ‘other’ behaviour other than short intervals if they spoke or brief pauses

between mouthfuls. No-one walked during the course of the meal.

As the Eating Behaviour Rating Scale (EBRS) has been used to assess the abnormality
of eating in people with bulimia nervosa (see introduction to this chapter), the EBRS
scores for both the first digestive biscuit and mixed meals were examined to see if the
hyperphagic group had higher scores, which might indicate bulimic behaviour. The
mean EBRS scores for the first biscuit and mixed meal respectively for the
hyperphagic group were 3.7 (S.D. 3.4) and 7.3 (S.D. 6.8) and for then non-
hyperphagic demented group 3.6 (S.D. 6.4) and 8.8 (S.D. 6.7). There was no
significant difference between the two demented groups in the EBRS scores for either
type of meal.

Figure 11.9a Time spent chewing and walking (052)
Meal subdivided into 16ths
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Figure 11.9b Time spent chewing and walking (009)
Meal subdivided into 16ths
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Figure 11.9c¢ Time spent chewing and walking (067)
Meal subdivided into 16ths
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DISCUSSION

The inter-rater; intra-rater and test-retest reliability are good showing that measuring
the microstructure of eating is likely to provide reliable evidence regarding the control
of food intake. A comparison of the normal elderly with the non-hyperphagic
demented group provides evidence of the effect of dementia on the control of eating.
A comparison of the hyperphagic demented group with the non-hyperphagic demented
group provides evidence of which abnormalities in control mechanisms may be related

to the hyperphagia itself.

Control mechanisms and hyperphagia

The theories of control mechanisms suggest that two factors are of particular
significance: hunger which controls the onset of the meal and provides an ‘impetus’
for eating and satiation which operates (increasingly) to bring the eating to an end.
Cumulative intake curves demonstrate the interaction between positive and negative
feedback during the course of the meal. Theoretically, the meal ends when the two

are in balance.

a) Hunger

Latency is likely to provide a measure of hunger and, since traditional methods of
measuring hunger (through self-report and visual analogue scales) have not proved
a valid method in these moderate to severely demented groups, latency may be the
only good measure of hunger. However, latency is also likely to be affected by
cognitive factors such as the ability and speed in understanding the situation or the

ability to concentrate on eating and not be distracted. Cognitive impairment appeared
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to inhibit subjects from starting a meal, they tended to be distracted and often spent
time looking round, moving the food or just sitting before eventually, and often after
repeated invitations to eat, starting the meal. It may be these factors which lead to
the greater variability in latency observed in the two demented groups. Although they
varied, the demented subjects with hyperphagia were very different from the non-
hyperphagic controls. The hyperphagic subjects often started to eat as soon as they
could reach the table and the median time for them to start eating was very much less
than for the non-hyperphagic group (p = 0.007). This strongly suggests that the
drive to start eating (hunger) is much greater in the hyperphagic group than in the

non-hyperphagic demented group.

The further effect of dementia on the microstructure of eating can be judged by
comparing the non-hyperphagic demented controls with the normal elderly. Normal,
elderly controls started to eat after a few seconds in the experimental setting whereas
the non-hyperphagic group have a long latency period, as well as slower loading rates

and low ingestion rate.

Despite the problems posed by dementia, the median latency rate of the hyperphagic
group was lower than the normal group for both biscuit and mixed meals (although
the difference was not significant). This short latency, together with the fact that
several of the hyperphagic group took food before the table was prepared suggested
that the hyperphagic group have increased hunger compared with non-hyperphagic
demented subjects. It is difficult to come to any firm conclusion as to whether the

hyperphagic group have a greater level of hunger than the normal elderly because
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their cognitive impairment affects latency. However, the main effect of the dementia
is to increase latency and the fact that median latency of people with hyperphagia is,
if anything, less than the normal elderly, suggests that the level of hunger is probably

greater amongst hyperphagic subjects than the normal elderly.

Although the hyperphagic group had a faster ingestion rate than the non-hyperphagic
group, the mean was slower than the normal elderly which confirmed the absence of
fast ‘binge’ eating although speed of intake could have been limited by slow reflexes
and poor coordination. Only one hyperphagic person ate very fast and had to be

restrained to prevent danger of choking.

Another indication of hunger could be the shape of the cumulative intake graphs
(figure 11.6). Kissileff er al. (1982) found the cumulative food intake graph in young
subjects was described by a decelerating quadratic function. Meyer e al. (1980)
found a more linear curve in the elderly which was confirmed by the normal elderly
control group in this study. Le Magnen (1985) describes how non-deprived rats,
under ad libitum conditions, eat at a constant rate, after a short initial period of faster
eating. After a period of food deprivation, the rats ate more rapidly during the first
half of the meal (figure 11.10). The curves for non-deprived rats are similar in shape
to the curves for the normal elderly. The curves for the non-hyperphagic demented
group are irregular as they frequently stop and restart eating. The curve for some
subjects in the hyperphagic demented group resembles that of the deprived rats. The
rapid ingestion in the first half of the meal and the fact that the initial rate of eating

(measured by the linear coefficient - b) is significantly higher in the hyperphagic than
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in the non-hyperphagic group supports the hypothesis that hunger is driving the
ingestion rate at the start of the meal. This provides evidence against the view that

hyperphagia is simply a type of stereotyped behaviour. This issue will be considered
in detail in Chapter 14.

Figure 11.10 Intake rates during (a) a long, nocturnal meal in undeprived rats and
(b) during the first meal after 12 h of food deprivation (Le Magnen, 1985).
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b) Satiation

The large quantity of food eaten by the hyperphagic group suggests, prima facie, that
there is a disruption in the normal mechanism controlling termination of the meal
(satiation or the negative feedback shown in figure 11.1). This either shows that
there is a lack of negative feedback, which causes eating to slow down and stop or,
conversely, there is an increase in the positive feedback mechanism. There is
evidence from the quadratic function (c) that there was significantly less deceleration
in the hyperphagic group than in the normal elderly. This strongly suggests that the
lack of deceleration in the cumulative eating curve of the hyperphagic subjects, is due
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to an absence of the negative feedback which is needed to bring about satiation. The
hyperphagic group eat much more than the normal elderly therefore the absence of
satiation is particularly marked. (The apparent lack of deceleration in the non-
hyperphagic demented group compared with the normal elderly is likely to be a result
of the prolonged latency period in the demented controls.) Positive feedback is
difficult to research but an attempt has been made to explore the effect of palatability

in the next chapter.

Although there is a major abnormality in satiation in hyperphagia, is there any
satiating mechanism at all? This was investigated by looking at changes in the
microstructure of eating, such as chewing and ingestion rate, and by looking for an

increase in behaviour other than eating during the course of the meal.

Examining the microstructure of eating shows whether there is any evidence of
slowing down after a large amount has been eaten i.e. that the amount eaten does
have some effect, even if the meal does not end. In young, lean, normal people the
pauses between food units increase significantly as the meal progresses (Bellisle & Le
Magnen, 1981), therefore, more is eaten in the first half of a meal. Although there
is a deceleration in food intake during the course of a meal in normal-weight adults
and children (Kissileff er al., 1982), obese adults and normal elderly seem to have

a constant rate of ingestion, at least when taking liquid food (Meyer et al., 1980).

The chewing rates remained almost constant in all three groups throughout the meal.

In the normal elderly, there were some signs of satiation as loading rate and food
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intake were significantly lower in the second half of the meal but, in the demented
groups, the loading rate did not slow significantly, giving no clear evidence of
satiation as the meal progressed other than the cessation of eating itself. The stability
of ingestion rate and chewing rate for each individual confirms microstructure
experiments done on normal lean humans, using recording devices (Bellisle & Le
Magnen, 1980). The normal elderly controls, in the studies reported here, ate
steadily with time spent chewing, drinking and other behaviour remaining constant

for each individual throughout the meal.

Is there evidence (e.g. from increased rates of ‘other’ activity) in non-hyperphagic
demented that they are increasingly distracted and, if so, how does this compare with
the hyperphagic demented group? In all three groups, intra-meal pauses (‘other’
behaviour) were not significantly greater in the second half of the meal which again
did not show evidence of satiation. The non-hyperphagic group showed more ‘other’
behaviour, than the other three groups but the pauses occurred during all stages of the
meal. The pauses were the result of being easily distracted and frequent prompting
was often necessary to find out if they had finished eating or whether they wanted

more to eat.

In calculating the pause rate, walking was not included. The only people to walk
during the course of the meal were in the hyperphagic group and they usually ate as
they walked, which explains why, in the hyperphagic group, the time spent walking
increased during the course of the meal (figure 11.7) but the cumulative intake curves

(figures 11.6) did not decrease correspondingly.

227



In the hyperphagic group there appears to be a failure of the normal mechanism
controlling satiation. If this mechanism is disrupted, in subjects who are hyperphagic,
it is predicted that the rate of ingestion will remain constant throughout the meal until
the person is physically incapable of eating more. Several people in this group had

to be stopped because they seemed to have become physically uncomfortable.

Does this absence of any slowing in the rate of ingestion mean that there is no
evidence of a satiation mechanism in the hyperphagic group? Apparently not, as
shown by a subgroup of four people with hyperphagia who also tended to wander.
For this group there was a conflict between the two types of behaviour. In order to
eat in the standardised setting they needed to remain at the table but the ‘drive’ to
hyperactivity pushed them towards moving about. After the initial rapid food intake
they become increasingly active, leaving the table, often with food in their hand and
returning to eat less frequently until, if they ceased to return within 5 minutes, the
meal was stopped (see figure 11.9 and Appendix VII). This is interesting as it
suggests there 1s a reduction in the ‘eating drive’ or an increase in the drive to walk.
This could be thought of as evidence that the drive to eat decreases with the onset of
satiation. Perhaps the probability, over a period of time, of switching from eating

to walking and walking to eating depends on the ratio of these two ‘drives’.

In the hyperphagic group there was some reduction in intake in the second half of the
meal which is probably due to the rapid initial rate of eating in some subjects.
Generally, throughout the meal, chewing, loading and food intake rates were

relatively constant, if interruptions, such as walking, were not included. This showed
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that people in the hyperphagic group did not fatigue appreciably, even after two
hours, and slowing, indicating the onset of satiation, was not obvious. In the
hyperphagic group this slowing, if it occurs, is only after very large amounts have
been eaten. Slowing seemed to be the result of physical limitation rather than a
response to physiological cues. There was no sign of increased eating in the second

half of a meal as Meyer and colleagues (1980) noted in one hyperphagic person.

Some features of hyperphagia in dementia resemble BN or binge eating disorder i.e.
eating more in a two-hour period than most people would normally eat, eating more
rapidly than matched controls with dementia, eating until feeling uncomfortably full
and the frequency of binge-eating over a period of time (if food is available). The
fact that some people reported to be hyperphagic, especially those who were less
impaired, did not overeat when observed, had a parallel with the embarrassment
shown in binge eating disorder. The subjective criteria of lacking a sense of control
and eating when not hungry is not verifiable reliably in severely demented people.

The main distinction between hyperphagia in dementia and the other eating disorders
is that there is no distress over excessive eating and no compensatory behaviours to
prevent weight gain. Two women who were reported to overeat had occasionally
vomited after a binge but there was no evidence of it being self-induced. One of
them also abused laxatives at one stage but again there was no evidence for it being

an attempt to control her weight.

Objective measurements of eating behaviour using the Eating Behaviour Rating Scale

(EBRS Appendix IIT) gave a useful measure of the abnormality of eating behaviour.
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As there was no significant difference between the EBRS scores of the hyperphagic
and the non-hyperphagic groups, for either type of test meal, it indicates that the
abnormal patterns of eating behaviour were probably due to dementia and it does not
support the hypothesis that hyperphagia is a form of BN. There were no signs that
the abnormalities in eating behaviour were due to the changes in attitude towards food
intake and beliefs about body image seen in people with eating disorders such as
anorexia and bulimia nervosa. The higher scores in people with dementia were the

side-effects of impaired coordination and cognition.

In contrast to the demented subjects the people with bulimia nervosa chose low-energy

foods, picked at their food and ate slowly, when they were observed in test meals.

There appears to be evidence for increased hunger in people with dementia who are
hyperphagic. There is apparently a little evidence of a satiation mechanism in some
people with hyperphagia, for example some people walk more or have more intra-
meal pauses towards the end of the meal. However, the slowing only appears at a
late stage in the meal and satiation is clearly impaired compared with people who eat
normally. The microstructure of the meal can shed light on hunger and satiation but

can say nothing about satiety. This issue will be examined in the next chapter.

230



Chapter 12 TO INVESTIGATE SATIETY IN AGEING,

DEMENTIA AND HYPERPHAGIA

AIMS

To investigate the phenomenon of satiety in hyperphagia, through investigation of the
effect of preload on subsequent intake.

To examine the effects of age and dementia on satiety.

INTRODUCTION

The research presented so far has investigated parameters within the meal. The
massive food-intake of hyperphagic people suggests an abnormality in the normal
mechanism of satiation (see previous chapters). The aim of the work reported in this
chapter is to investigate the effect of preload on subsequent eating behaviour. On the
basis of results with healthy young adults, Blundell (1991b), has proposed the concept
of ‘satiety’. He makes the distinction between satiation and satiety; satiation is the
process that brings a period of eating to a close, whereas satiety is the inhibition of
hunger and eating that arises as a consequence of food consumption (see definitions

in Chapter 5).

Various mechanisms controlling satiety have been proposed (figure 5.1). Immediately
after a meal (early satiety phase) cognitively derived feelings are important. The

post-ingestive stage follows when sensory feedback from the stomach and intestine
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give sensations of fullness. In the late stages the products of absorption bring about
satiety (post-absorptive phase). Empirical data show that there is a tight physiological
compensation for preload under normal circumstances (Rogers & Blundell, 1989a;
1989b). In rats, a carbohydrate preload delays the initiation of eating in proportion
to the energy value of the preload and the rate of its metabolism (Booth, 1972).
Booth also found that rats compensated by eating less after a preload of glucose,
glycerol, alanine or lactate than they did after a preload of sodium chloride or urea.
This was confirmed in humans by Herman and Mack (1975), who showed that, after
a preload, lean young adults compensate by eating less at a subsequent meal. The use
of preloads, also revealed a satiation effect which had not previously been known to
exist in children with Prader-Willi syndrome (Zipf et al., 1990). Disguised
manipulation, giving apparently similar preloads with markedly different energy
content (Hill ez al., 1987) shows that the good compensation which is observed is not

due to cognitive factors.

An interesting question arising from the work so far reported in this thesis is, does
the hyperphagic group retain this ‘satiety’ mechanism i.e. do hyperphagic subjects
compensate for preload or is the satiety mechanism damaged? However, to answer
this, two other questions are also raised. First, what is the effect of ageing on
satiety? There are no data on the effect of preload on the elderly; previous work has
been on young adults, dieters, the obese and people with eating disorders (Herman
& Polivy, 1988). The second question is, what effect does dementia per se have on
satiety? Therefore the aim of this series of studies was to see whether compensation

for preload (i.e. satiety) operates in a) the normal elderly, b) in people with dementia
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and c) in people with dementia who are hyperphagic. For comparison Peter Rogers
and Nicky Elliman, at the Institute of Food Research, in Reading, repeated exactly
the same experiments on groups of healthy young and middle-aged adults. The

results of their studies will also be presented here in order to assess the effect of age.

ASSESSING SATIETY USING PRELOAD MEALS

Many experiments have shown that in normal young subjects there is a decrease in
food intake following a preload meal. Kissileff er al. (1984) used rating scales to
assess the effect of a preload on appetite and on the total intake of food at the
subsequent test meal. They found that preloads which were more satiating reduced
intake by decreasing the desire to eat (i.e. hunger) not by accelerating the onset of
satiety, that is, preloads reduced the initial rate of eating and total intake but did not

alter the duration of subsequent meals.

Unlike normal-weight young subjects, counter-regulation, after a preload meal, is
found in dieters, the obese and also in people with bulimia nervosa (Hetherington &
Rolls, 1991). Paradoxically, these groups of people were found to eat more at a test
meal after having a high-energy preload. This is sometimes called a ‘What-the-hell!’
effect; having broken their self-imposed rules for eating, they temporarily give up
their attempt to restrict food intake. This is difficult to demonstrate reliably in people
with bulimia as their eating behaviour is very variable, swinging from restraint to

binge-eating when they feel they have lost control.
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METHOD
GENERAL PROCEDURE

In order to examine satiety in the subjects of this thesis, the first step was to design
a preload experiment suitable for people with dementia.
1. Choice of preload
a) Comparability of preloads
Two preloads were required which were indistinguishable in volume, taste and

appearance but which had different energy values and therefore different energy

densities.

b) Suitability of preloads
To allow a proper comparison, the same method needed to be suitable for the normal
elderly and the two groups with dementia. It was difficult to select a preload suitable
for people with severe dementia. A variety of preloads were considered, including
biscuits, sandwiches and drinks. At first drinks were thought to be too prone to
spillage but it was more difficult to encourage people in the demented non-
hyperphagic group to finish a set amount of solid food. By careful supervision, and
by helping when necessary, it proved safe and relatively easy to encourage those with
severe dementia to finish preload drinks in a reasonable time. Although some of the
non-hyperphagic demented took up to half an hour to finish the preload completely,

most of this group and everyone in the other two groups finished in five minutes.

Two preload milkshakes, developed by Rogers, were used. One was low-energy (660

kJ) and the other high-energy (1870 kJ). Their composition is given in table 12.1.
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A number of precautions were taken to ensure their suitability.

Table 12.1 Contents of preload drinks

LOW-ENERGY PRELOAD - 660 kJ (160 kilocalories) “
200 g banana or strawberry flavoured milk
10 g double cream

HIGH-ENERGY PRELOAD - 1870 kJ (450 kilocalories).
134 g banana or strawberry flavoured milk

46 g double cream

42 g maltodextrin

Energy from Low-energy preload High-energy preload

Total (kJ) % Total (kJ) % |
Protein 118 17.8 91 4.9
Fat 280 42.4 896 47.9
Carbohydrate 262 39.8 883 47.2
Total 660 100.0 1870 100.0 |

(i) Apparently identical characteristics
A fruit-flavoured milkshake was used as it was easy to manipulate the energy density
without substantially altering the appearance, texture or taste. Addition of double
cream and maltodextrin increased both fat and carbohydrate content without altering
sweetness, and hence palatability, which might stimulate subsequent food intake.
This was important as the test meal is given one hour later, which is within the period
where previous intake of sweet food is known to have a stimulating effect on appetite
(Rogers & Blundell, 1989a). Sweetness and creaminess give cues to energy value
(Booth er al., 1989), therefore as well as keeping sweetness constant, a little cream
was added to the low-energy milkshake to try to keep the creamy texture similar.
The milk-shakes were virtually identical in volume, flavour and appearance and, when

given a week apart, the two drinks were apparently indistinguishable.
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(ii) Balance of macronutrients
A preload with a balanced macronutrient content (i.e. with a proportion of each of
the three macronutrients) was chosen because over-representation of one of the
macronutrients in the preload might lead to a compensatory intake of the other

macronutrients at the subsequent test meal (Wurtman, 1983).

(iii) Avoiding sensory specific satiety
The preload differed from food given at the test meal as presenting a similar food as
the last meal is likely to decrease the intake of that food, as a result of sensory-
specific satiety (Rolls er al., 1988). This suppression persists even after an hour

(Hetherington er al., 1989).

(iv) Proportion of macronutrients
As protein appears to have a greater satiating capacity than carbohydrate (Hill &
Blundell, 1986), extra protein could have been added to increase the satiating capacity
of the high-energy preload. However, the protein content of the two preloads was
kept virtually constant to avoid a possible change in the production of
neurotransmitters, such as 5-HT or dopamine, which might possibly have an effect
on appetite or influence the ratio of macronutrients chosen (Leibowitz, 1990).
Increasing the proportion of carbohydrate might stimulate insulin production, and
therefore indirectly alter brain 5-HT production but this was unavoidable as too high
a proportion of fat is not desirable owing to its weak inhibition on satiation (meal
size) and satiety (post-meal inhibition). In addition, elderly people might have found

a very high-fat preload unpleasant. Even with this level of cream, two elderly people
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had to be excluded from the experiment as they found the high-energy milkshake too

rich and were unable to finish it.

2. Time interval between preload and meal

On two occasions, at least one week apart, a preload was given one hour before the
normal time of the midday meal (although breakfast and mid-morning snack were
eaten as usual). The test meal was given an hour after the preload. This interval
should give enough time for the post-ingestive and possibly the early post-absorptive
mechanisms to operate but, based on evidence from previous studies, not long enough

for the preload to lose its effect on satiety.

The young and middle-aged groups, on a third occasion, were given 200 ml of water
as a zero energy preload. The order, for the three preloads, was balanced. As the
meals for the elderly subjects, and those with dementia, had to be given one person
at a time, in their own home, the water preload was not used, as an extra meal would
have been an additional imposition on controls and carers. All but one subject had
already had a mixed meal without an initial preload, as part of the experiments

reported in earlier chapters, although this had been some weeks previously.

3. The test meal

An hour after the start of the preload meal, the standard, mixed test-meal was given
(see Chapter 9 for details). At least a week later the alternative preload meal was
given followed an hour later by the standard mixed meal. The two preload conditions

were given at least a week apart to prevent people noticing any difference between
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the preloads.

4. Precautions

For normal subjects, the order of foods on the table was rotated for each meal and
for each successive individual, if the first test meal had been arrangement A, the next
meal would be arrangement B and the third C (see Chapter 9). This, and the time
interval of at least a week, was to avoid controls trying consciously to repeat their

choice of food made at the previous test meal.

The reason for this precaution was that people remember the satiating effect that a
certain food has and the next time it is eaten they will assume it will have a similar
satiating effect afterwards. Satiety is thought to be a conditioned reflex (Booth,
1977), hence the disguised manipulation. Although conditioning may not occur after
one trial, a conscious effort might be made to make the same choices as before. The
full post-absorptive effect is likely to take longer than an hour so, as the preloads
appear identical, the normal subjects might remember the physiological effect
(satiating efficiency) that the preload had on the previous occasion and may adjust
their food intake accordingly. To eliminate any order effect the sequence of the
preloads was balanced so that half the people in each in group had the low preload

first and half had the high preload first.

THE EFFECT OF AGEING

Most preload work has been done with young subjects and previously there had not

been a study to investigate whether elderly people compensate for food already eaten.
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Young controls

To test the validity of the method, a group of young people were given the three
preload and test meals to see if the preload altered subsequent intake. The tests on
the younger groups were carried out by Rogers and Elliman at the Institute of Food
Research in Reading. The method used and the meals given were identical to those
used in my study with elderly and demented groups, except that in Reading the meals
were given simultaneously to a group of subjects, in individual cubicles, in a food
laboratory and they were not videoed. In Reading, 10 subjects aged 21-30 were
tested, and, in addition, 3 more in this age group were tested in Oxford (one of the

Oxford group did not have the water preload ‘meal’).

Middle-aged controls

Six subjects aged 40-47 were tested in Reading.

Normal elderly controls

The normal elderly (as well as the non-hyperphagic demented and hyperphagic
subjects) were a sub-set of people who took part in the studies reported in earlier
chapters of this thesis. Data for the mixed meal intake, without preload, were
available for nine of the ten normal elderly (although usually this was several months
before the preload meals). Two milkshake preloads followed by mixed meals were
given to ten normal older controls matched by age and sex with ten of the

hyperphagic, demented subjects.
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THE EFFECT OF DEMENTIA

To see whether dementia made a difference to the ability to regulate food intake after
a preload, eight matched non-hyperphagic controls were tested (see table 12.2). In
four cases the preload meals were given several months after the initial mixed meal.
For the two dementia groups, mixed food meals were given in the same configuration

each time to prevent any change in food intake being caused by a position effect (see

Chapter 10).

THE EFFECT OF HYPERPHAGIA

The hyperphagic group were given the two preload meals either a week before or a
week after one of the repeat mixed meal without preload.

TABLE 12.2 Description of test groups

" Group Mean age | Sex ratio Total no.

Young 24.9 SF:7TM 12
Middle aged 44.2 3F:3M
Normal elderly 74.5 6F:4M

Non-hyperphagic demented 76.3 SF:3M
Hyperphagic demented 75.9 9F:4M

If there is compensation for a preload, total intake should decrease in proportion to
the size of the preload. In people with hyperphagia the endpoint of the meal
sometimes seemed arbitrary, so the cumulative intake in the first quarter hour, half
hour and hour were calculated to see if the preloads had any effect on the early part
of the meal. Kissileff er al. (1984) found that preloads which were more satiating
reduced intake by decreasing the initial rate of eating and total intake but did not alter

the duration of subsequent meals.
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RESULTS

The mean total consumption at test meals for each of the subject groups are given in
tables 12.3 (test meal only) and 12.4 (preload plus test meal). These data, for people
who received all three preload conditions, are given as histograms in figure 12.1.
Table 12.3 Total mean consumption at test meal (excluding preload)

Group No preload Low preload High preload
(0 kJ) (660 kJ) (1870 kJ)

Young (n=12) 4277 3567 2988

Middle aged (n=6) 3182 3165 2831 |I

Normal elderly (n=9) 1671* 1775 1431 I‘

Non-hyperphagic demented (n=8) 2273* 972 1527
Hyperphagic demented (n=13) 4105 5065 4402 H
* denotes that the majority of meals in this group were not eaten within the same month as
the preload meals, therefore eating may have changed in the meantime.

Table 12.4 Total mean consumption of preload plus test meal

Group No preload Low preload High preload
(0 kJ) (660 KkJ) (1870 KkJ)

Young (n=12) 4277 4228 4858 |

Middle aged (n=6) 3182 3826 4701
Normal over 50 (n=9) 1671* 2436 3301 i
|

Non-hyperphagic demented (n=8) 2273* 1632 3397

Hyperphagic demented (n=13) 4105 5725 6272

The effect of age on total intake
There was a significant effect of age on total intake during the test meals. An
analysis of variance of between-subjects effect showed a significant effect of age on

food intake (ANOVA: F = 7.06, df = 2,24, p = 0.004). The younger age group
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ate more than the middle-aged group in each of the three preload conditions. Both
the younger group and middle-aged group ate significantly more than the elderly
normal controls (t-test, p < 0.05 in each case). In each of the three preload
conditions the hyperphagic group ate significantly more than the both the normal

elderly and non-hyperphagic demented groups (t-test: p < 0.05 in each case) see

tables 12.3 and 12.4.

COMPENSATION FOR PRELOAD (see figure 12.1)

The first step is to see if there is any compensation for preload, i.e. is there a
significant reduction in food intake during a test meal following a preload? If there

is compensation the second step is to estimate the efficiency of the compensation.

a) The effect of preloads on test-meal mtake

In this experiment the baseline is taken as the low-energy condition for two reasons.
First in the water preload condition subjects obviously are aware that the energy
content differs from the milkshake preloads, therefore there is likely to be a cognitive
element in the subsequent level of food intake and the second reason is that in the
normal elderly and non-hyperphagic groups the zero-energy condition was in some
cases many months previously, therefore increased age, change in season or state of

health might influence the results.

After the high-energy preload, the young ate significantly less food than after the low-
energy preload (paired t-test: young group ¢t = 5.27, df =11, p < 0.0005). The

normal middle-aged group, the normal elderly and the hyperphagic demented group
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also ate less at the test meal following the high-energy preload, but the difference in
intake after the high and low preload conditions was not significant. In the case of
the non-hyperphagic demented, the intake at the mixed meals following the preloads

was very variable and, overall, there was no effect of preload on subsequent intake.

b) Accuracy of compensation for preload

The precision of compensation for preload can be examined by comparing total intake
i.e. preload and test meal. For the young and middle-aged, when the zero-energy
preload was concurrent with the other preload conditions, the food intake after a non-
nutritive preload can be used as a baseline level. If there is no compensation the
intake of the mixed meal would be expected to be the same regardless of preload.
If there is perfect compensation, the total intake of preload and test meal would be
expected to be constant and equal to the baseline value and, if this is the case the

‘satiating efficiency’ of the preload = 1.

Young group

The young compensated almost perfectly between the water and low-energy preload
meals i.e. the total energy value of the low-energy preload drink and the subsequent
mixed meals was approximately equal to that of the mixed meal which followed the
water preload. The total energy value of the high-energy preload and the following
meal was significantly greater than the mixed meal with water preload (paired t-test:
t = 2.86. df =11, p = 0.015). There was clear compensation for the preload, as the
intake after the low energy preload was significantly more than after the high energy

preload (¢t = 5.27, p < 0.0005).
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Middle-aged group

Slight compensation occurred after the high-energy preload when compared with the
baseline but the difference was not significant (paired t-test: 1 = 2.01,df =5, p =
0.101). The energy intake after the low-energy preload did not differ from the
baseline value i.e. after the water preload, and there was no significant difference in
intake after the low- and high-energy preloads. This finding that the middle-aged
group shows less compensation than a young group, confirmed a previous,
unpublished study carried out by Rogers (personal communication).

Figure 12.1

PRELOAD - all subjects

Intake (thousand kJ)

« « not all meals were
contemporary with
6 other meals
5 -
4
3
2 L
| | I
0 - . J
W L H W L H W L H W L H W L H
Young 23-30 Middle 40-47 Older - over 65 Non-hyperphagic Hyperphagic
nei2 ne=6 n=9 demented n=8 demented ns13
. Z
Bl Test meal intake £ Preload
W - water or no preload L - low energy preload (660 kJ) H - high energy preload (18765 kJ)
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Normal elderly

The results are summarised in table 12.5. Disregarding ‘no preload’ meals which
were not concurrent with the other two, there was compensation but the reduction in
test-meal size was not significant at the p <0.05 level. Although the differences
were small, 8 of the 10 who had high and low preload ate less after the high preload
meal.

Table 12.5 Mixed meal intake - Normal elderly n = 10

Preload condition Mean kJ S.D. Minimum | Maximum I

Low preload (660) 1884 726.0 1010 3124
High preload (1870) 1606 685.7 858

For the three age groups above, an analysis of variance of within-subject effect
showed a significant relationship between age and preload condition (ANOVA: F =

6.90, df = 4,48, p < 0.0005).

Non-hyperphagic demented

The results, summarised in table 12.6, were very variable between individuals and
between preload condition for each individual. There was no significant difference
between the test meal results after the high and low-energy preloads, the mean after

the high-energy preload was higher than following the low-energy preload.

Table 12.6 Mixed meal intake - Non-hyperphagic demented n = 8

Preload condition Mean kJ S.D. Minimum
Low preload (660) 972 649.4 178
High preload (1870) 1609.1 251
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Hyperphagic demented

The results, summarised in table 12.7, show that the total quantity of food eaten was
very variable and the differences between the preload conditions were not significant
(paired t-test for high and low preload conditions ¢ =1.17, df = 12, p = 0.265).

Table 12.7 Mixed meal intake - Hyperphagic demented n = 13

Preload condition Mean kJ
Water preload 4105
Low preload (660) 5065
High preload (1870)

¢) Satiating efficiency

Where there was a difference in intake following preload (i.e. in the three normal,
non-demented subject groups), the ‘satiating efficiency factor’ was calculated (c in
table 12.8); this was based on work by Kissileff (1984). In this experiment the most
reliable method of measuring satiating efficiency (c) was taken as a/b, where (a) was
the energy intake at the test meals following the low-energy preloads minus the
energy intake at the test meal following the high-energy preloads (i.e. the second
column of figures minus the third column in table 12.3) divided by (b) the difference
in energy between the high-energy and the low-energy preloads (i.e. 1870 - 660 =
1210 kJ).

Table 12.8 Satiating efficiency (comparison of low- and high-energy preloads)

Group (a) (b) (©)
Difference  Difference Satiating

in test meal in preload efficiency
intake (kJ) intake (kJ)

Young (n=12) 579 1210 0.48
Middle aged (n=6) 334 1210 0.28
Normal over 50 (n=10) 278 1210 0.23

|
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Satiating efficiency of the preload decreases with age but an analysis of variance did
not show a significant effect of age group on satiating efficiency (ANOVA: F =1.62

2,25], p = 0.219)

d) Eating rate

The rate of eating was examined by measuring energy consumption per unit time over
the whole length of the meal. The effect of preload on this rate was examined. Meal
time was not recorded in the two younger normal groups but for each of the three
elderly subject groups the differences in rate, following high preload and low preload
conditions, was examined (see table 12.9). A paired t-test was used to determine
whether any of these differences was significant. The only significant result was that
the normal elderly ate more slowly after the high preload than after the low preload

(¢t = 4.05, p = 0.003).

Table 12.9 Eating rate (kJ eaten per minute)

Group Low preload High preload
Normal over 50 (n=10) 118.5 104.7
Non-hyperphagic demented (n=28) 30.6 35.9

Hyperphagic demented (n=13) 70.0 62.6

As the hyperphagic group ate for such a long time, it was possible that the effect of
preload might not affect the overall eating rate but there might be a difference at the
beginning of the meal. To check whether the type of preload affected eating rate
during the first hour of the meal, cumulative intake curves were plotted against time

for each preload condition both for mass of food eaten (figure 12.2) and for energy

247



intake (figure 12.3). The three curves were similar in each figure, showing no clear

effect of preload on eating rate.

ASSESSING HUNGER AND FULLNESS SUBJECTIVELY
AIM

To assess subjective feelings of hunger, fullness and desire to eat using visual

analogue scales in order to see whether there is any change after a preload.

INTRODUCTION

Hunger is the urge to eat, cued by the internal stimuli resulting from food
deprivation. In many preload experiments the effect of preload on hunger and

fullness is investigated using visual analogue scales (Rogers & Blundell, 1990).

Assessing hunger in people with dementia is likely to be very difficult because of the
cognitive impairment. The purpose of the experiments described in this section was
to use visual analogue scales to examine the time course of hunger following the
different preloads and to try to develop a method for rating internal stimuli in the

subjects with dementia.

Lists of food have been used by Hill and Blundell (1986) to assess hunger. This
method had been successfully adapted, using pictures, to assess hunger in children
with Prader-Willi syndrome (Holland, ez al., 1993). When the children were asked
if they felt like eating the food shown in the picture, they said ‘yes’ to a greater
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