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ABSTRACT

This thesis is concerned with the relationships between physiological
changes and subjective and behavioural responses to stress. The effects
of noise stress were examined under laboratory conditions,and retro-
spective studies of stress induced by life events were also carried
out.

Changes in blood glucose levels were of particular significance
under stressful conditions and interesting relationships were found
between changes in blood glucose levels and performance at experimental
tasks under stressful conditions. Performance and the experience of
stress were shown to be affected by the experimental manipulations of
blood glucose levels. |

The effects of stressful conditions on diabstic subjects with
impaired control of blood glucose levels were of particular interest.

The poor control of blood glucose levels in the 'high glucose diabetics'
was exaggerated when working under noise stress. Studies of life events
demonstrated that diabetic subjects' experience of life events was
associated with physiological disturbance of diabetic control.
Diabetics' subjective experiénces of stressful conditions were also
examined and compared with the experiences of control subjects.

Previous research showed considerable evidence to suggest that
stress was a promoting factor in ischaemic heart disease (IHD). Sub-
jects with IHD and controls were included in the present research.
Experiments similar to those with diabetic subjects were carried out.
The IHD subjects had enhanced physiological responses to noise stress
which were associated with significantly low levels of reported stress.
Subjective experiences of stress were further examined with investi-

gations of the degree of stress associated with life events by Myo-



cardial infarction patients.

Differences in subjective experience of stress by patient groups
and their controls were discussed in relation to the concept of
alexithymia.

Experiments with healthy subjects were carried out in order
to examine the mechanisms involved in the relationships found between
glucose, performance and the perception and experience of stress.

The effects of glucose preloading were shown to be primarily of
physiological rather than of psychological origin,and a vagal-insulin
model was proposed to account for the relationship between glucose
preloading and performance efficiency. Experimenter effects were
examined in the studies of healthy subjects and the implications of
such effects discussed in relation to the results of the experiments
with hospital subjects in this work and with reference to other
psychophysiological research.

The experimental findings were evaluated and suggestions made
for further research. In particular research directed towards the
possibility of developing a more flexible, individual approach to
diabetic management, taking account of unavoidable sources of stress,

was outlined.
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PREFACE

My interest in the problems of diabetes developed from my involve-
ment in work initiated by my supervisor, Tom Cox and his colleagues at
Nottingham University. The original studies suggested that performance
under stress was related to the level of blood glucose and that per-
formance efficiency was affected by experimental manipulations of
blodd glucose levels. These data indicated that the effects of stress
on performance efficiency of diabetic subjects might differ as a result
of the diabetics' abnormally elevated blood glucose levels. Research
on diabetic subjects described in the literature (particularly in the
work of Vandenberg and his colleagues) supported my impression that
studies of diabetic subjects working under stressful conditions would
provide an interesting area for research with practical applications.

The insulin requiring diabetic males studied initially provided
a relatively homogeneous experimental group in terms of treatment regimes
if not in terms of degree of control of their diabetic condition. The
results from the larger sample of diabetic subjects who participated
in the later studies of life change could be divided according to the
subjects' sex and treatment for the purpose of statistical analysis.

The separate analyses of the different types of diabetic subject were
possible due to the large population of diabetic subjects made available
by Dr. Macfie in the outpatient clinic at the City Hospital.

My interest in patients with ischaemic heart disease (IHD)
developed during the course of the studies of diabetic subjects.

Num erous reports in the literature suggested that the response of heart
disease patients to stressful situations would be different from that of
healthy subjects. Furthermore there was evidence to suggest fhat IHD

patients demonstrated abnormalities of glucose tolerance and a greater



incidence of diabetes than healthy subjects.

The experimental study of IHD patients was more difficult to
organise than the experimental work with diabetic subjects. A smaller
number of IHD patients was available and the type of symptoms and form
of treatment varied considerably within the population. The experi-
mental group of the 32 males who participated in the laboratory study
was a comparatively heterogeneous group with respect to both the
presenting symptoms and the type of medical treatment. Although it
would have been of great interest to have compared the responses of
IHD patients treated with beta-blocking drugs with the responses of
untreated IHD patients, it was not practically possible to obtain a
large enough sample size within the limitations of the present research.
Consequently, the results from the study of the IHD patients observed in
the laboratory could only lead to tentative suggestions and pointers for
further research rather than definitive conclusions. In the study of
IHD patients' reported experiences of life change, the population of
patients was more highly selected: each of these patients presented a
history of myocardial infarction. The sample sizes tbtained were, however,
necessarily smaller than the samples of diabetic subjects studied.

No attempt was made during the course of this research in any way
to alter the treatment regime of the patients studied. I was particularly
interested in reaching some understanding of the manner in which such
patients reacted to and coped with stressful conditions in their every-
day lives. To have adjusted the treatment regimes would not only have
created ethical problems but would also have changed the purpose of the
studies.

Throughout this research I was concerned not only with the
physiological changes shown and levels of performance efficiency ob-

tained by the patients under stressful conditions but also with their



subjective experiences. It soon became apparent that to observe
physiological changes or subjective responses alone would have pre-
sented a misleading picture of stress reactions. Different modes
of response were observed between the patient groups and between the
patients and their controls. Differences in the degree of reported
experience of stress were also observed between the sexes: these
findings were supported by some evidence from other recent research.
The differences in the subjective response to stress found in the
groups studied, led to closer examination of the subjects' understanding
of the concepts used in rating their experiences of stressful life
events.

My visit to the Department of Psychology at the University of
Stockholm provided an invaluable opportunity to discuss my research
findings with Professor Mar ianne Frankenhaeuser and her colleagues
and to clarify my ideas about the work. My interest in the concept
of alexithymia was stimulated by discussions with Dr. Daisy Schalling
and her associates at the Karolinska Hospital and discussion of my
findings concerning IHD patients' responses to stress with Dr. Tores
Theorell at the Serafima Hospital showed that the results were con-
sistent with his own observations of comparable patients.

During the course of this research I have become increasingly
interested in the possibility of improving methods of helping diabetic
and IHD patients to adjust to their individual problems. Some ways in
which such improvements, particularly of diabetic management, may be
achieved have been suggested by the findings in this experimental work.
I am at present planning clinical investigations of diabetic subjects
to test some of the hypotheses that have arisen from the thesis.

Further research into 'alexithymic' responses may well point to

a means of reducing the incidence of IHD. At this stage, houwever,



my particular concern is to develop more adaptive strategies for main-

taining diabetic control under stressful conditions.
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CHAPTER 1.

INTRODUCTION

The concept of stress is frequently used in many different contexts.
Definitions vary considerably between those disciplines which employ
the concept. Differences are also apparent within any- one discipline.
A global definition embracing every aspect of stress would be too
complex for practical use and it is therefore necessary firstly to
outline the major differences in approach to the concept and secondly

to specify the way in which the term stress will be used in this thesis.

l. Models of Stress

Cox (1978) has described three main types of definition which have
been applied to the concept of stress. Stress may be defined in terms
of the response a person makes, this response-based approach is typically
used in the field of medicine. Stress may alternatively represent the
stimulus characteristics of the environment external to the person.
The stimulus-based approach is common in ergonomics. The third approach

described is the psychological approach which takes account of both

stimulus and response and regards stress in terms of the process of
arriving at a response to a stimulus.

The first two approaches see stress from something like a
Behaviourist point of view, as part of a stimulus-response mechanism.
They differ in terms of what they label as 'stress', the stimulus or
the response and as a result they differ in their approach to the study
of stress. However both stimulus and response-based approaches tend to
ignore the importance of intervening psychological processes such as
perception and cognition. The way in\which the stimulus is perceived
and appraised (e.g. whether or not it is seen as threatening) plays an
important role in determining which response, from the range of

possible responses, is actually made. Such factors may account for many



of the individual differences in response to stressful conditions.
Many stress researchers (e.g. Sells, 1970; Lazarus, 1966 and 19763 )
have argued that explanations purely in terms of stimulus-response
type mechanism are inadequate in that they appear unable to account
for the diversity and complexity of observed human behaviour.

The psychological approach to the problem of stress research
accepts that stress is a highly individual phenomenon and emphasises
the importance of perceptual processes. It has been variously suggested
(McGrath, 1970; Sells, 1970; Lazarus, 19763 Cox, 1975 and 1978;) that
stress arises as a result of imbalance between the person's percep-
tions of demands and his perception of his ability and need to cope.
Cox and Mackay (1976) pointed out that although the psychological
approach to stress is most clearly appropriate with regard to psy-
chologically or psychosocially generated stress, it is also applicable
to physical stresses such as muscular exercise. Muscular fatigue
caused by physical exertion in sporting activities may be accompanied
by a feeling of satisfaction and pleasure while muscular fatigue induced
through work may be an unpleasant experience. It has also been demon-
strated (Seljc, 1950; Kagan and Levi, 1971; Levi, 1974;) that suscep-
tibility to infection may be altered by psychological factors. A
person's susceptibility to the 'common cold! may depend upon his degree
of satisfaction with his work. Finally the psychological approach
recognises not only the role of psychological factors in determining
somatic responses but also the importance of bodily responses in affect-
ing psychological states (e.g. Schachter and Singer, 1962).
The psychological approach to stress is better able to cater for the
wide range of situations considered to be stressful without including
objectively similar situations which, subjectively, are not reported

to be stressful. It is also more flexible in the sense that it is able



to accept a wider range of psychological and physiological reactions
as valid responses to stressful circumstances.
This approach to stress research has been developed by Cox (1975)

and Mackay and Cox (1976) into a transactional model of stress. The

transaction referred to is that between the person and the environment
and implies an active, adaptive process rather than the passive, reactive
type of process implied in the stimulus- or response-based models. The
model is concerned with the balance or imbalance between four main
aspects of the individual and the environment. These consist of the

external environmental resources, the external environmental demands,

/
the persons capability and his internal needs and wants. Stress is

defined in terms of the person's transaction with his physical and
psychosocial environment with emphasis on the importance of perceptual-
cognitive processes in the experience of stress. The model describes
the way in which the individual actively assesses his situation and
attempts to balance his perceptions of the demands on him, his ability
to cope and the consequences of coping or failing to cope. Stress
arises when a balance cannot be achieved.

This model was designed to account for stress in general (Cox,
1975) and has been specifically applied to the study of stress reactions

in the work environment (Cox and Mackay, 1976).

l.1. The Concept of Stress in this Thesis

It will be apparent in the present work that the use of the concept
of stress has developed from the rather narrowly defined stimulus-
based type approach in laboratory experiments using noise as a stressor,
through to the more flexible psychological approach taking account of
individual differences in the perception of and responses to stressful

life events. A broad definition of stress can, however, be applied



throughout the work reported in this thesis. Stress is viewed as a
demand which stretches available resources. As the experiments pro-
gressed, greater consideration was given to both the quantitative and
qualitative differences in perception of demand and attention was
paid specifically to the measurement of subjective as well as object-

tive responses to such demand.

1.2 Noise as a Form of Stress

The laboratory experiments examined the psychophysiological effects
of white noise on different groups of individuals.

Noise is one potential source of stress from the physical environ-
ment which commonly affects individuals living and working in modern
industrial areas. It is also a very practical form of stress for lab-
oratory use; easily produced and requlated in a gquantifiable way.
Natural occurrence of noise stress in the environment may produce a
great variety of responses from different individuals because of the
different psychological meaning that it holds. The sound of someone
else's infant crying at night, for example, may well produce a reaction
in others which is different from the response of the parents themselves.
R Parliamentary committee chaired by Wilson (1963) summarised the problem
of noise annoyance as follows:

'The annoyance due to noise may perhaps be thought of essentially

as the resentment that we feel at an intrusion into the physical

privacy which we have for the moment marked as our own, or into

our thoughts or emotions. From another point of view the annoyance

may be ascribed to the 'information' which sounds may carry from

the source to the recipient. The physical energy in the noise of

a creaking door, a crying baby, or a distant party may be very

small and if distributed in the form of random noise would

probably be quite unnoticed. But it may convey manifold sug-

gestions of alarm, neglect, sadness, loneliness; and so in

some people it has an emotional effect out of all proportion to

its physical intensity.!'

Experimental white noise is devoid of such psychological meaning

and the specific effects of noise intensity can therefore be studied

more precisely in the laboratory. The physiological and behavioural



effects of the noise itself can be measured in a controlled setting.
Noise stress of this type has been found to produce a particular kind

of reaction with little variation between individuals (Cox and colleagues,

1973; Simpson and colleagues, 1974).

1.3 Life Events as a Form of Stress

The study of naturally occurring life stress provided a direct con-
trast to the study of experimentally produced noise stress. The research
progressed from experimentation with a simulated form of physical stress
to sampling peoples;real life experiences of psychosocial stress. Al-
though in the study of life events it was not possible to exercise the
same precise control there was the advantage of studying responses to
the experiences of naturally occurring stressors.

Both sources of stress, noise and life events present demands on
the person subjected to such experiences. It was possible to observe
and measure an individual's ability to perform an experimental task under
different levels of noise. It was also possible to observe and measure
an individual's ability to adjust to psychosocial stressors causing
different degrees of upset. Subjective experiences of, and physio=
logical reactions to noise and to life change were measured.

In summary; both noise and life change may be seen as potential
forms of stress in that they both make demands which the individual is
required to cope with in some way. How the individual reacts will depend
on his perception of the stress and on his motivation and ability to cope

with it.

2. Psychophysiological Response to Stress - Previous Research

The sympathetic-adrenal meduallary system was the first neuroendocrine

system to be investigated in relation to the psychological (behavioural)
response to'stress'. Early this century Walter Cannon reasoned that the

sympathetic-adrenal medu llary system would be activated by emotional

stimuli. His argument was based on the knowledge that the adrenal medulla

is linked to the sympathetic nervous system and that many of the physio-



logical changes observed to accompany emotional arousal such as heart
rate increases and pupil dilation, are signs of sympathetic nervous
system activity. Cannon and his colleagues (Cannon and de la Paz, 1911;
Cannon, Shohl and Wright, 19113) performed a series of experiments with
cats, exposing them to emotional stimuli such as barking dogs, while nor-
mal cats showed glycosuria, this was not found with adrenalectomised
animals. These results suggested adrenalin induced elevations of blood
glucose levels which exceeded the renal threshold. (Review; Cannon, 1929).

In 1914 he formulated an 'Emergency Function' theory of adreno-
medullary activity based on the findings from these investigations.
The theory developed from the view that the physiological effects of
adrenalin were adaptive by way of increasing the efficiency of the
organism in coping with fear, rage or pain.

The pioneering work of von Euler (1946) and Holtz and his
colleagues (1947) demonstrated the presence of nor-adrenalin in the
body. The role of nor-adrenalin as a secondary adrenalmedullary hormone
and the chemical transmitter for adrenergic nerves was shortly afterwards
established and was reviewed by von Euler (1956). Several lines of
research followed which showed that adrenalin and nor-adrenalin may
be selectively released in response to different types of stressor and
may have different effects. This apparent selectivity reflects differing
types of response. (For review see Mason, 1968(c)).

It is now clear that the release of both catecholamines, adrenalin
and nor-adrenalin is responsive to psychological influences. It has
been variously shown that catecholamine levels reflect psychological
reactions associated with everyday demands and activities. The work
of Frankenhaeuser and her colleagues provides much evidence of cate-
cholamine secretion in response to a variety of psychosocial con-
ditions. (For example: Frankenhaeuser and Post, 1962; Franken-

haeuser, Sterky and Jarpe, 1962; Frankenhaeuser and Patkai, 1964;



Lundberg and Frankenhaeuser, 1976).

Attention has only more recently been focused on the role of the
pituitary-adrenal cortical system and the influence of psychological
factors on its activity. Although Uno in 1922 reported an increase
in pituitary weight in rats after a six hour period of 'general
excitement!, it was not until Selye's work, reported in 1936, that
this topic attracted serious consideration. The early work relied
upon relatively indirect and non-specific measures of adrenal cortical
activity. However, in the 1950's more specific and reliable methods
became available for the measurement of the 17-hydroxycorticosteroids
(17-0HCS) in blood or urine. (Nelson and Samuels, 1952;) and there
is now a massive body of data on the factors influencing adrenal cortical
activity.

There is some evidence to suggest that the two neuro-endocrine
systems, the pituitary-adrenal cortical and the sympathetic-adrenal
medullary, are activated in response to different types of psychological
stimulation. Selye (1936) described how the adrenal cortex may take
over from the adrenal medulla when stress was prolonged. Gray (1971)
stated that the glucocorticoids, with their ability to promote trans-
formation of non-sugars into sugars and to increase glycogen deposition
in the liver,

'continue the job started during the alarm stage (Selye)

of providing the body with rapidly mobilised sources of

energy. They also facilitate the reactions of the blood

vessels to adrenalin and nor-adrenalin, further increasing

the potentiality of strenuous action if a second danger

is added to the background of continuing stress'.

However, Mason (1968b and c3) in his reviewsof the pituitary-adrenal
cortical and sympathetic-adrenal medullary systems, suggested that
the central nervous system exerted a constant 'tonicity' on both

endocrine systems and that both equally reflected environmental and

psychological factors. Most of the results reported on 17-0HCS



(17-hydroxycorticosteroid) levels were, however, derived from studies
of chronic situations, ones that extended over periods of weeks, months
or years. By contrast most of the studies on catecholamine excretion
had shown significant responsés to much shorter periods of stress,
measured in minutes or hours. Relatively feu studies investigated the
acitivity of both endocrine systems simultaneously. Curtis and his
colleagues (1960), measured daily excretion of urinary adrenalin,
noradrenalin and 17-0HCS in several patients manifesting symptoms of
various psychiatric disorders. They found that patients with depressed
states excreted noradrenalin preferentially in comparison with adrenalin
or corticoids while adrenalin predominated in states of mixed affect.
Slob, Wink and Radder (1973) examined the effects of 80dB noise on
corticosteroid, adrenalin and noradrenalin excretion in male students.
Noise exposure continued from 09.00 until 17.00 hr. and four hour urine
samples were collected. The results appeared to show an increase in
adrenalin and to a lesser extent, noradrenalin but no effect on cor-
ticosteroid excretion was traced. There are very few similar studies
comparing the relative contributions of the adrenal medulla and the
adrenal cortex under different stressful conditions and it is difficult
to assess their relative importance.

Extensive research on the activity of neuroendocrine systems
in stressful conditions has been conducted by Mason. Mason (1968a)
expressed doubts about the wisdom of concentrating exclusively on the
activity of one endocrine system. The evidence he made available
suggested that endocrine regulation was likely to be an integrated
function involving other neuro-endocrine systems apart from those
affecting the adrenal glands. (Mason, 1968a; Mason, 1968b; Mason,
1968c) .

Mason (196Ba) drew attention to the five general areas where



neural or neurchumoural links had been observed between endocrine
glands and the central nervous system which suggested that psycho-
logical influences on endocrine activity might be important. The
five areas were as follouws:

(a) The hypothalamic-anterior pituitary neurohumoural linkage through

the portal hypophyseal system. Mason suggested that this system could
provide a pathway for neural or psychological influences on the anterior
pituitary hormones, adrenocorticotropin, thyrotropin, the gonadotropins,
growth hormone and prolactin. Some of these linkages, as Mason termed
them, have been shown to be functionally important, particularly those
involving tropic hormones, adrenocorticotropic hormone, (Mason, 1959;
Mangili and colleagues, 1966; Fortier, 1966; Ganong, 1963; Harris,
1955; ) thyrotropic hormone (Reichlin, 1966a; D'Angelo, 1963;) and the
gonadotropic hormones (Donovan, 1966; Flerko, 1963; Harris and

Campbell, 1966) . Physiological evidence is also available for the
neural influences affecting the secretion of prolactin (Everett, 1966;
Meites and colleagues, 1963;) and growth hormone (Pecile and Muller,
19663 Reichlin, 1966b).

(b) The anterior hypothalamic-posterior pituitary neural system.

This second area described by Mason involved the neurosecretion of
antidiuretic hormone and oxytocin (Cross, 19663 Heller and Ginsburg,

Saugc vand Mills
1966; Sawyer, 1963 and,1966).

(c) The posterior hypothalamic sympathetic-adrenal medullazny system

involving secretion of adrenalin and nor-adrenalin has already been

considered earlier in this section and is a well established locus of
psychological effects.

(d) A vagal-insulin system was thought by Selye (1950) to be a part

of the parasympathetic system involved in the response to stress and
was a possibility considered by Cannon - @96?. However, the inability

to measure insulin secretion hindered early work. Although radio-



immunochemical assays of insulin are now possible, experimental studies
of vagal stimulation are confounded by the secondary effects of the
necessary surgical trauma on blood glucose. As a result little atten-
tion has been given to the study of association between psychological
factors and vagal-insulin activity.

(e) A posterior-diencephalic neurohumoral system was suggested by the

work of Farrell and his associates (Farrell, 1959; Mulrow, 1966).
This system involved a hormone 'glomerulotropin' which can influence
aldosterone secretion, as well as renal and pituitary activity.
However, neither the significance nor even the existence of such a
neuroendocrine system has been generally accepted.

It is clear that there are many of these anatomical systems in
which 'points of contact' exist for neural and psychological influences
on endocrine secretion. However only two of these, the sympathetic-
adrenal medullary and the pituitary-adrenal cortical systems have been
extensively studied. To redress the balance Mason (1968a) argqued for

'a broad, systematic survey of the extent to which the

many endocrine systems are subjected to psychological
influences.!

The work reported in this thesis did not concentrate on any one
of the possible neuro-endocrine systems but aimed to achieve a more
global picture of psychophysiological reactions associated with stress-

ful conditions by considering the effects of stress in terms of regula-

tion and response of blood glucose.

10

The concentration of glucose in the blood is of great physiological

importance. Glucose is the main source of energy for the body tissue
and the level of glucose in the blood is a measure of its availability
to these tissues. Changes in the level of blood glucose may reflect

the activity of many of the hormones mentioned earlier in this section

such as adrenalin, insulin and growth hormone. 1In demanding or stressful
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situations, one of the major functions of adrenalin and the gluco-
corticoids is to increase or maintain energy resources by stimulating
the mobilisation of glucose. Blood glucose changes may therefore be

used as an integrated measure of the body's need to adapt to demands.

3. The Requlation of Blood Glucose Levels

Under normal circumstances the level of glucose in the blood
is maintained within the fairly narrow range of 70 to 120 mg per 100ml.
Following digestion and absorption of a carbohydrate meal the level of
glucose in the blood rises considerably. Insulin is secreted from the
pancreatic beta cells and prevents hyperglycaemia by promoting glucose
storage in the liver. Insulin appears to act by facilitating the
passage of glucose across the cell wall and also by accelerating the
conversion of glucose into glucose-6-phosphate which is then converted
to glucose-l-phosphate and stored in the form of glycogen.

Glucagon, secreted from the pancreatic alpha cells, acts as an
insulin antagonist and guards against hypoglycaemia. Glucagon acts
to increase blood glucose levels by stimulating the breakdown of
glycogen in the liver which leads to the release of glucose into the
blood stream.

Secretion of both insulin and glucagon appears to be controlled
both locally and centrally. A raised glucose level in the blood
supplying the pancreatic beta cells results in secretion of insulin.
Similarly a lowered glucose level leads to glucagon secretion from
the alpha cells. There is considerable evidence to suggest that blood
glucose levels are also controlled centrally, (e.g. Mayer and Thomas,
19673 Shimazu and colleagues, 1966; Frohman and Bernadis, 1971; Bloom ¢tral,
1974). Glucose sensitive cells in the hypothalamic areas may detect
changes in blood glucose which are regulated through vagal mediation

resulting in the release of insulin or glucagon.



12

Insulin is not essential for the uptake of glucose from
the blood by the liver since it only increases the rate of phosphory-
lation. It is however essential for the transport of glucose into the
muscle cell since it increases permeability of the muscle cell wall.
Glucagon acts as a potent glycogenolytic agent in the liver but is
unable to breakdown glycogen in the muscle cedl.

Although at first insulin and adrenalin were thought to maintain
the normal homeostatic control of blood glucose levels, recent research
has demonstrated that it is glucagon rather than adrenalin which acts
in opposition to insulin in the regulation of minute-to-minute fluc-
tuations. However, adrenalin and other hormones such as growth
hormone and the glucocorticoids do have an important role in the
regulation of carbohydrate metabolism. UWhereas glucagon is only
effective in the liver, adrenalin is able to promote glycogenolysis
in the muscle cells as well as in the liver. Adrenalin is also able
to inhibit insulin secretion and in so doing, it stimulates glucagon
secretion via a negative feedback system in operation between insulin
and glucagon (Samols, Tyler and [arks, 1972). Insulin suppresses
glucagon while glucagon stimulates insulin secretion. There is also

and Edwoncds,
some evidence (Samols, Tyler and Kajinuma, 1971; Bloomy 1975;) that
activity of the sympathetic nervous system may directly increase
glucagon secretion and at the same time block its insulinotropic effect
andd EAdards
(Porte and colleagues, 1966; Bloom, 1975) thereby permitting unhindered
elevations of blood glucose levels.

The glucocorticoids contribute indirectly to raised blood glucose
levels by promoting gluconeogenesis from amino-acids and by directly
inhibiting the transport of glucose into the muscle cell. Growth hormone

also plays a part in providing energy through lipid metabolism when

glucose resources are low thereby sparing oxidation of carbohydrates.
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3.1, Blood Glucose Regulation and Stress
ond O¢ la Paz
Cannonﬂ(lgll) in his experiments with cats showed indirectly

that increases in adrenalin secretion were accompanied by increased
blood glucose levels. Other work, since these early experiments,
has produced contradictory and inconsistent findings in relating
blood glucose changes and emotion (review by Bowman and Kasanin,
1929).

Selye (1950) in his classical treatise on stress paid considerable
attention to the blood glucose changes characteristic of the General
Adaptation Syndrome. An increase in blood glucose levels was the
immediate response on exposure to stress. The magnitude of this
increase depended primarily upon the adrenalin output from the adrenal
glands and upon available hepatic glycogen reserves. Selye associated
a second stage, the 'stage of resistance', with normal or slightly
increased blood glucose levels. If the stress was prolonged then
the blood glucose level fell to hypoglycaemic levels. Finally, in
the 'stage of exhaustion', if no relief was available, death might
result from severe hypoglycaemia. In considering the effects of
nervous and emotional stimuli on carbohydrate metabolism, Selye
suggested that they were

'most effective in causing sympathetic, adrenomedullary

and parasympathetic stimulation. The former two tend to

raise blood sugar through adrenergic gycogenolysis,

while the latter causes hypoglycaemia, perhaps by

stimulating insulin secretion. Depending upon conditions

one or other of these effects prevails...'

Unfortunately Selye did not go into the conditions under which different
effects are observed, in any detail. Cox (1978) suggested that the
type of response was related to the severity of the stress and was

determined by the relative degrees of sympathetic and parasympathetic

nervous activity. Cox suggested that, under moderate stress, para-
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sympathetic activity predominated leading to an overall fall in blood
glucose levels. UWith severe or prolonged stress sympatbatic nervous
activity exceeded parasympathetic activity and elevations in blood
glucose would be ‘apparent.

The observation that both divisions of the autonomic nervous
system are involved in stressful situations has not received too much

Gelthorn and Lootbourrow,
attention but has been studied by Gellhorn (1953)%a963). Gellhorn
found that rats startled by sudden loud noise showed increases in
blood glucose levels. After adrenodemedullation the blood glucose
level did not merely fail to rise in response to noise; it was depressed.
Thereforé in these experiments with rats, noise appseared to produce
two effects, one tending to raise and one to lower blood glucose.
In normal rats, the former effect predominated and accounted for the
observed rise. In rats in which both the adrenals had been removed
and the vagi cut, little change in blood glucose levels was observed.
Gellhorn suggested that emotional excitement commonly associated in
the human with fear, anger and rage, may elicit both a sympathetic
and parasympathetic discharge.

More recent studies in humans on the effects of noise on blood
glucose levels would tend to support Gellhorn's suggestion that there
are two mechanisms at work. Finkel and Poppen (1948) showed that
blood glucose levels rose in response to very loud jet engine noise
but fell back if the noise exposure was continued for two hours or
more. Ashbel (1965) showed that there was a significant fall in the
blood glucose levels of workers exposed to ultrasound and high frequency
noise. Other similar studies in the literature reported either an
increase or decrease in blood glucose levels in response to noise stress

|

eral (AN
(Serrﬁv 1964; Fecc;v 1971). The effects of noise on several of the

hormones involved in carbohydrate metabolism have been directly demon-
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strated. Various studies have shown increases in adrenalin (Levi, 1972;
Frankenhaeuser and Lundberg, 197.3; Lundberg and Frankenhaeuser, 1976;
Hawell and Starlinger, 1967; Slob, Wink and Radder, 19733 ) glucocor-
ticoids, (Wink, 19713;) and glucagon (BloonﬁhT973 ). Other studies

have shown decreases in adrenocortical activity (Atherly and colleagues,
1970). No recent work on the insulin response to noise has shown any
significant effects.

Difficulties arise in making comparisons between the different
studies reported due to the problem of assessing the relative contributions
of stimulus duration, frequency and intensity. The noise may be inter-
mittent or continuous and this factor may also influence the results.

A programme of research was started in Nottingham in 1973, con-
cerned primarily with the effects of noise stress and glucose pre-
loading on blood glucose levels and performance on various psychomotor
tasks. This work followed a study by Murrell (1971) who has shown
that human skilled performance under monotonous conditions could be
improved by the prior administration of glucose. Two papers (Cox,
Simpson and Rothschild, 1973; Simpson, Cox and Rothschild, 1974;)
have reported that the groups preloaded with glucose prior to the
'experimental' session (exposure to 80dB noise while working at a
pursuit rotor task) showed a greater fall in blood glucose levels than
the preloaded groups working under 50dB noise. Similar, but much less
marked changes occurred in the non-preloaded groups. Without glucose
preloading, noisy conditions (80dB) impaired performance at the task.
Preloading with 18gms glucose reduced this impairment of performance
in the noisy condition but was associated with impairment in the quiset
condition (50dB). Although when working under noisy conditions (80dB)

the high blood glucose levels produced by glucose preloading fell
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markedly, under quiet conditions they did not.

Simpson, Cox and Rothschild tentatively suggested that the blood
glucose changes might be manifestations of the activation of the
'phylogenetically old "flight or fight" reaction to stress' (Selye,
1950), and that the blood glucose levels might be altered by changes
in adrenal activity or insulin releasse. The improvement in perfor-
mance under stress was accompanied by a reduction in the high blood
glucose levels produced by pre-loading with glucose. It was assumed
that the glucose removed from the blood was metabolised for the
production of energy rather than for storage as glycogen. It was
not clear, however, how the production of energy from carbohydrate
metabolism resulted in improved performance. The authors suggested
the possibility that glucose metabolism simply reduced a physical
fatigue component. It was also not clear why the elevation of blood
glucose levels under the non-stressful, quiet condition was associated
with impairment in performance. It appeared that a fine balance existed
between the level of glucose in the blood (or the change in blood
glucose), the degree of noise stress, and the ability to maintain
efficient performance.

The findings reported from these experiments stimulated questions
which led to the present work with diabetics. For example: how do
diabetics, with their abnormal control of glucose metabolism and
unusually high blood glucose levels, respond to stressful conditions?
Are changes in blood glucose levels associated with the efficiency
of performance by diabetics in the same way that they appear to be
in non-diabetic individuals?

There is much evidence to suggest that stress is closely linked
with the onset of diabetes mellitus; much research has been done and

much is still possible in that area. However, this thesis is concerned
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with the ways in which diabetics with their particular problems of

blood glucose regulation respond to and cope with stress.

4., Diabetes Mellitus

Figures published in 1976 by the British Diabetic Association
estimated that 3% of adults in this country suffered from some form
of diabetes mellitus. It is a small but significant proportion of
the population and the majority of those affected lead a relatively
normal life. They are subject to the stresses and strains affecting
the rest of the population and the manner in which they cope, both
physiologically and behaviourally is of great interest in the area of

psychophysiology outlined above.

4.1. The Pathogenesis of Diabetes Mellitus

Diabetes is the result of a deficiency of insulin function.
Either insufficient insulin is produced by the pancreas or the insulin
which is produced is being used ineffectively. This relative ineffect-
iveness of insulin may be due, either to hypersecretion or to hyper-
activity of insulin antagonists such as the pituitary, adrenal medullary
and thyroid hormones. It may also be due to the action of glucagon
produced by the alpha cells of the pancreas itself. Antibodies which
combine with and neutralise insulin may also be the cause of diabetes.

Insulin deficiency results in an inability to utilise glucose
adequately. When utilisation and storage of glucose is inefficient,
glucose accumulates in the blood until it passes the renal threshold
(normally about 180mg.% but often higher in diabetics) and glycosuria
results. An increased volume of urine is then required to remove
the excess glucose and dehydration follows. when glucose is not

available as a fuel,fat is used instead. However, complete combustion
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of fats requires the presence of reagents produced during combustion
of glucose. In the absence of glucose metabolism, fat combustion
is incomplete,. toxic ketone bodies are produced which accumulate in
the blood. If these collect in sufficient amounts, they can cause
acidosis and eventually coma. This may be fatal.

Coma may result from hyperglycaemia or from hypoglycaemia.
In hyperglycaemia, although the blood is rich in glucose, those body
cells which require insulin in order to metabolise glucose adequately
are starved as a result of insulin deficiency. The breakdouwn of fats
which follows, produces ketone bodies. These may be responsible for
coma or the glucose rich blood may cause the dehydration of brain
cells which could also account for the coma. Hypoglycaemic coma
in diabetics tends to result from overdoses of insulin or from in-
sufficient carbohydrate intake. Glucose is not available to the
brain cells and, in this case glucose starvation is responsible for
the coma.

Hyperglycaemic coma is treated by the administration of insulin,
hovever this treatment would be fatal for hypoglycaemic coma. In
the case of hypoglycaemic coma, glucose may be given intravenously.
One indicant of the appropriate course of action is the presence of
ketone bodies on the breath of the hyperglycaemic person.

There are two very distinct forms of diabetes mellitus,
juvenile and maturity onset, which present similar symptoms but
may differ in terms of etiology. Juvenile or growth onset diabetes
is invariably an insulin requiring form of the disease and con-
sequently, is often referred to as 'insulin requiring diabetes'.
Maturity onset diabetes is gemerally a milder form of the disorder.
Juvenile diabetics tend to be underweight because of glucose wastage

in glycosuria due to insulin insufficiency. Maturity onset diabetics
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tend more often to be overweight. This form of diabetes may be due to
excessive carbohydrate intake for which normal resources of insulin
are inadequate. With overweight patients it is often possible to
reduce carbohydrate intake to a manageable level. In cases of maturity
onset diabetics who are underweight there is insufficient insulin to
cope even with a normal intake of carbohydrates. Hypoglycaemic drugs
such as tolbutamide or chlorpropamide can be used to stimulate the
pancreatic cells to secrete more insulin or to increase the effect-

iveness of the insulin that is already being produced.

4.2. The Role of Stress in the Etioloqy of Diabetes Mellitus

Diabetes has for a long time been described as an inherited
metabolic disease but the mode of inheritance is still largely unknoun.
One reason for this may have been that the characteristic symptoms of
glycosuria and hyperglycaemia have, in the past, been thought to be
indicative of one single disease. [More recently it has been accepted
that diabetes is a global term embracing a range of disorders differ-
ing in etiology.

It is clear that if there is a hereditary component to the
disease it is only partially responsible for its manifestation, or is
the cause of only one form of diabetes. When one of a pair of identical
twins is diabetic, the other twin will not necessarily develop the
disease. Froesch (1971) put the chances at 70%, with the possibility
of a child of diabetic parents under the age of 40 developing diabetes
at approximately 50%. Bloom (1976) reported that only one in ten
diabetic children had immediate relatives with diabetes. Factors
other than hereditary factors may predispose a person to diabetes

or may play a part in precipitating the disorder.



Over the past four decades, attention has focused on the role
of stress in the etiology of diabetes. In non-diabetic people, a delay
in the disposal of carbohydrates in the body may follow the experience
of many forms of stress such as starvation, infection or emotional
trauma and this delay may result in an undue elevation of blood
glucose level. Hinkle and his colleagues (1950) observed that ketosis,
characteristic of unregulated diabetes, can appear in non-diabetic
individuals who have been exposed to stress. During a period of stress,
previously non-diabetic individuals may manifest diabetic-like glucose
tolerance curves in response to a carbohydrate load and increases in
blood and urine ketones, similar to those of individuals with untreated
diabetes. However, unlike the diabetic individual, the non-diabetic's
blood glucose and ketone levels generally return to normal following
the removal of the stress. The small proportion of patients whose
blood glucose levels fail to revert to normal are usually referred to
as prediabetic; the assumption being that some predisposition touwards
diabetes was already present and that the stress had precipitated the
condition and made the symptoms apparent.

Heredity is thought to be one of the factors which may predispose
an individual to diabetes. Danowski (1963) however cited some other
important factors which may be implicated including obesity, injury
to the pancreas, repeated pregnancies and the ageing process. Evans
and Butterfield (1951) described how severe burning may precipitate
diabetes. In the prediabetic individual, the reaction to stress may
lead to exhaustion of already vulnerable pancreatic cells and hence
to a permanent insulin deficiency and diabetes. Thus stress can be
seen as a factor precipitating symptoms of an already dormant con-
dition rather than as a direct causal factor. In populations of

people subjected to prolonged stress such as in conditions of war or

20
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starvation, only a minority develop diabetes. If stress alone were a
ceus'al factor, a significantly greater number of people might be ex-
pected to develop diabetes.

Although there is insufficient evidence to support the idea
that stress can, by itself, produce permanent diabetes in a previously
non-diabetic person not already affected by some form of covert pre-
diabetes, there is considerable evidence to suggest that stress
precipitates the onset of diabetes in individuals predisposed to the

disorder.

4.3. . Types of Diabetes and Response to Stress

Because there are at least two distinct groups of diabetics,
it is possible that there are different patterns of physiological
and psychological stress response present within the diabetic pop-
ulation. These may be due in part to the differences in glucose
regulation. The extent of the differences may depend on the severity
of the disorder. In juvenile-onset diabetes, where there is little
or no endogenous insulin, the fragile homeostasis maintained by insulin
administration, may easily be disrupted by the occurrence of stress.
In maturity onset diabetes, however, homeostasis in the face of stress
may be maintained to the same extent as the healthy condition particularly
if the disorder is being effectively treated by diet alone. For this
reason the work reported in the present thesis, for the most part,
studied the different populations of diabetic separately. Insulin
requiring diabetic males took part in the laboratory experiment.
Insulin and tablet treated diabetics of both sexes participated in
the life change studies but the groups were analysed separately and

comparisons were made across the groups.



4.4. Personality Differences and Response to Stress

In addition to differences in stress response within the diabetic
population due to the nature of the disorder, it would seem likely that
there are also individual personality differences of the kind found in
the general popylation. Such individual differences, however, have
been minimised by several authors (e.g. Menninger, 1935; Lindberg, 19363
Dunbar, 1954;) who have postulated a 'diabetic personality' as a global
factor which could be identified and was thought to be characteristic
of individuals with the disorder. One assumption was that the rigorous
demands made on the person in the management of the disorder might
shape his or her whole attitude to 'life', and this might override
normal variations in temperament. The diabetic population may thus
be thought of as more homogeneaus than the non-diabetic population.
Attempts to define this 'diabetic personality' have been equivocal.
Baker and Barcai (1970) in their review of studies in this area,
stated that the literature still contained many conflicting and
contradictory reports. There is little agreement and some authors
(for example, Brown and Thompson, 1940; Kubany and colleagues, 19563)
have seriously questioned the existence of a typical diabetic per-
sonality. It is possible that the need to adhere to what may be a
rather restrictive programme of treatment, particularly in the case
of insulin-requiring diabetes mellitus, may encourage certain types
of behaviour patterns. However, the assumption of a global definition
of a 'diabetic personality! may conceal individual differences within
the diabetic population which could have important implications for
any one individual's control of his disorder.

Attention is paid to the differences in personality among the
diabetics studied in this thesis. The personality dimensions,

extraversion and neuroticism are considered in relation to both the
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diabetic's response to stressful situations and to his ability to

manage his disorder.

4.5. Experimental Studies on the Role of Stress in the Control of

Diabetes

Some diabetics experience frequent episodes of ketoacidosis
and coma despite having conscientiously carried out a consistent routine.
A study by Nabarro in 1965 reviewed 72 such cases and found that 15%
of these people developed the ketosis following an emotional dis-
turbance. However, he concluded that it was impossible to discover
whether they had omitted to inject their insulin or whether, more
interestingly, psychological factors had produced an intense resistance
preventing the action of insulin. Other authors have, less cautiously,
attributed such occurrences of ketosis to one or other but not to both
of these causes.

There have been a number of experimental studies investigating
stress induced ketosis. Amongst the earliest, were those of Hinkle
and his colleagues (e.g. 1950; 1952a; 1952b;) who observed variation
in the regulation of blood glucose levels with the experience of
emotion. In 1952 Hinkle and Wolf reported a study of diabetic and
non-diabetic subjects exposed to a stressful interview situation.
Most of the subjects showed a transient fall in blood glucose level.
This fall was usually accompanied by a rise in blood ketone con-
centration and by diuresis and increase in glycosuria. Hinkle and
Wolf suggested that the fall in blood glucose level was due to increased
uptake of glucose by the tissues. This appeared to result from an
overall increase in metabolic activity.

In a small number of both diabetic and non-diabetic individuals,

a slight rise in blood glucose levels occurred which was not



accompanied by any significant change in blood ketone concentration.
Relative oliguria and a decrease in glucose excretion was observed
in these 'rare'! cases. This type of physiological response was
associated with signs of intense fear or anger in the individual.
According to the authors there 'appears to be an emergency adaptive
mechanism, reserved for acute and overwhelming situations'. They
suggested that adrenalin may be responsible for the less common
occurrence of rise in blood glucose associated with overt emotional
reactions. However recent research (review Mason, 1968c) would
suggest that increases in catecholamines would be expected in the
ma jority of individuals exposed to a stressful interview situation.
The data presented by Hinkle and Wolf suggested that the 'transient'
fall in blood glucose levels was rapidly followed by a rise to at
least the original level which may well have been due to adrenalin
secretion. The rare occurrences of fear or anger may have been
associated with a more extreme physiological reaction involving
excessive catecholamine secretion or, perhaps, adrenal cortical
activity, associated with enhanced glucose mobilisation.

The authors made no reference to the number of subjects employed
in their studies and the data presented in graphical form generally
represented observations of single case studies. The paper is a report
of interesting clinical observations and not of rigorous experimental
studies. The observations in this early study suggested that further
research into the effects of stress on diabetic control would be
valuable. However, the paucity of subjects indicates that the results
described in the paper should be interpreted with great caution.

More recent studies by Vandenbergh and Sussman and their

colleagues (1965; 196%;) showed similar findings with hypnotically
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induced emotion and with the experience and anticipation of electric
shocks as sources of stress. They reported that diabetics under such
conditions showed decreases in blood glucose levels. There was no
subsequent glycosuria. Vandenberg and his associates (1967) discussed
the possible reasons for a fall in blood glucose levels as follows:

'The decrease could not be explained by increasing

urinary glucose excretion. It is conceivable that

the conversion of fat and protein substrates to glucose,
and/br the breakdown of liver glycogen to glucose, have
diminished thereby decreasing the rate of glucose for-
mation. It is more likely that an increase in peripheral
tissue glucose utilisation has occurred. Emotional stress
might produce a generalized increase in body metabolism

or more specifically muscle glycolysis, thereby producing
an increased rate of glucose disposal.'

In comparing the response of diabetic with that of non-diabetic subjects
who showed no significant change in blood glucose levels the authors
put forward two possible explanations for the different observations:

'It is conceivable and has previously been suqggested

that the patients with diabetes mellitus might have

a defect in their sympathetic nervous system due to
neuropathy, such that adrenalin and/br noradrenalin
secretion might be impaired. (Sussman, Crout and

Marble, 1963). It is more likely that in those patients
receiving exogenous insulin for the treatment of their
diabetes mellitus, even a minor degree of muscle movement
or activity produces greater glucose utilisation than in
subjects not receiving insulin therapy. Similar speculations
have been advanced in the past with regard to the effect of
exogenous insulin on carbohydrate utilisation (Peters and
Van Slyke, 1946).!

One of the problems with Vandenberg's studies (and with that of
Hinkle and Wolf) was that there was no measure of the psychological
impact of the experimental conditions on the subjects. It had to be
assumed that the 'stress periods! were indeed stressful to the patients
and that the physiological changes observed were associated with the
experience of stress.

Vandenberg and Sussman (1967) went on to study blood glucose

U .
changes under conditionsA'naturally' occurring examination stress in
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university students with insulin requiring diabetes mellitus. Here
again there were significant decreases in blood glucose levels during
the pre-exam and exam weeks compared with a control week. In this
experiment some attempt was made to measure psychological reactions;
each student rated daily changes in six different emotional categories.
In five of the six students, the decreases in blood glucose levels
correlated with ratings showing simultaneously increased anxiety levels.
The majority of studies of clinical populations use very small
samples of patients and the experiments carried out by Vandenbergh,
Sussman and their colleagues were no exception. Each of the studies
reported above, used only six subjects and in the two earlier studies,
different forms of diabetes were manifested within the samples of six,
three of whom were male and three female. As with Hinkle and Wolf's
experiment, the results should therefore be cautiously interpreted.
However these experiments do suggest that in stressful situations,
diabetics are able to utilise more of their blood glucose than under
non-stressful conditions. These findings may well be compatible with
the results obtained in the Nottingham studies of the effects of noise
and glucose preloading on blood glucose levels and performance already
discussed in section 3.1 on blood glucose regulation and stress.
(Cox and others, 1973; Simpson and others, 1974). It will be re-
called that significant decreases in blood glucose levels were found
when subjects worked at a psychomotor task under noisy (80dB) con-
ditions and when the blood glucose was elevated by glucose preloading.
atrenuabion of M
This fall in blood glucose was accompanied by anAimpairment of per-
formance under 80dB noise that was observed in subjects who were not
preloaded with glucose.

Insulin requiring diabetics tend to have somewhat higher blood

glucose levels than non-diabetics. When clinicians speak of 'good!
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control of diabetes they are using the term relatively; all control
is poor in comparison with physiological control. In general, the
aim of treatment is to stabilise the blood glucose to the extent
that pre-prandial levels are within the range of 80 to 140 mg./lOUml.
In mild cases of tablet or diet controlled diabetes, the level after
meals may not rise above these limits but in most cases, especially
in cases of insulin requiring diabetes, the post-prandial level will
rise to 200mg./100m1. or more and attempts to prevent this may lead
to hypoglycaemia before the next meal. (In non-diabetic individuals,
the blood glucose is generally maintained within the range of 70 to
120mg./100ml. ). Thus greater reserves of glucose are present in
the blood of diabetic individuals. How available these are to the
body tissue, depends to some extent on the supply of sufficient
insulin.

The laboratory experiments with diabetic subjects described
later in this thesis were carried out along the lines of the Cox
and Simpson studies with non-diabetics. It was predicted from the
results of Vandenbergh's studies, that a fall in the blood glucose
level of diabetics would occur under conditions of noise stress.
The experiments were designed to test the hypothesis that a fall in
blood glucose levels would be observed in diabetic subjects working
in noisy conditions and would be accompanied by the improvement in
performance on a psychomotor task similar to that used by Cox and
Simpson. The third chapter is devoted to such laboratory experi=-
ments with diabetic subjects.

The results of this laboratory research and the studies of
Nabarro, Hinkle, Vandenbergh and their colleagues suggested that a

variety of stresses can disrupt the diabetic's control of blood
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glucose levels leading to a variety of responses, some apparently
paradoxical, for example: decreases in the level of glucose in the
blood or hyperglycaemia and possibly ketosis. The relationship between
stress and physiological disruption of diabetic control has been exam-
ined in this thesis through retrospective studies of the effects of

life events on the course of diabetes.

4.6, Studies of Life Events

In the 1950s, researchers at the University of Washington in
Seattle constructed an inventory of life events which was an early
edition of the Schedule of Recent Experiences (SRE). It was designed
to record systematically the significant life changes reported by sub-
jects during the years prior to developing illness. The idea that
experience of excessive life change could lead to various forms of
illness was based on a series of hypotheses derived from Selye's now
classic work on stress and from developments on this work described
by Levi and Kagan (e.q. Selye, 1971; Levi, 1974; Kagan, 1974).

Every psychosocial change can act as a stressor in Selye's sense

of the word. He states that in response to such an experience, and
in accordance with the phylogenetically old adaptation pattern, the
neuroendocrine system becomes activated, preparing the organism for
physical activity such as fight or flight, even in situations where
such reactions are clearly inappropriate. Stress reactions may lead
to an 'increased rate of wear and tear' in the organism and if they
recur frequently or with great intensity they may eventually in some
unspecified manner lead to disease of one type or another in certain
individuals. It was also hypothesised that desirable as well as
undesirable events could lead to (Selye) stress: i.e. desirable events

such as going on holiday would also lead to neuroendocrine activity
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preparing the organism for physical action. Howsever, although all
psychosocial events were assumed to produce qualitatively similar
stress reactions, quantitative differences in the magnitude of res-
ponse to different events were recognised. Several experiments have
demonstrated that catecholamine output increases in situations which
are novel to the subject (Frankenhaeuser and colleagues, 1968;
Froberg and colleagues, 1971) and an increase has been shouwn to occur
in response to many different life changes regardless oi the quality
of the change, (Froberg and colleagues, 1971; Levi, 1965).

The SRE (Schedule of Recent Experiences) later developed and
used by Holmes and Rahe in the 1960s (e.g. 1967) consisted of 43
possible life events (both desirable and undesirable) and their cor-
responding ‘'weights'. The weights, which represented the average
responses of a’ large population, were meant to reflect the relative
impact of each event on the individual and the degree of readjustment
involved in coping with them. This work was the first systematic
attempt to quantify the degree of stress experienced in life events
and to demonstrate the effects of those events in terms of subsequent
illness. However, Nelson (1974) in considering the importance of
life events, noted that the life change scores obtained by Rahe and

ancl Romo

his colleagues (e.g. Rahqv 1974) tend to show only low correlations
with illness incidence among young enlisted men in the Navy. Other
variables, such as age, job speciality, work environment, illness
history and job satisfaction correlate as highly as life change
scores with dispensary visits aboard ship. Although this fact does
not diminish the importance of determining the significance of life
change events for future illness in a variety of populations and
settings, it does suggest that improvements in measuring techniques

and studies of possible intervening variables are required if the
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measure of life change is to be of prognostic significancs.

The Holmes and Rahe questionnaire and a variety of similar
documents have recently been widely used in the study of predisposing
factors in specific types of psychosomatic disorder. This approach
has been used extensively and has produced many interesting findings
in the study of ischaemic heart disease. This work will be referred

to later in this chapter.

4.7. The Effects of Life Events on the Diabetic Condition

Although a causal relationship between life events and illness
onset has not been proved the association between life events and
neuroendocrine activity has been variously demonstrated (e.g. Selye,
1950; Simon and others, 1961; Froberg and others, 1971). It is
probable that experience of life events has important implications
for the management of diabetes, given the effects of neuroendocrine
activity on blood glucose requlation. The SRE has been used mainly
in attempts to elucidate the precipitating factors in psychosomatic
disorder rather than in studies of the course of disease. However,
if psychosocial stress is an important variable affecting diabetic
control, research in this area may well be of value.

One study which has used the SRE with diabetic patients is that
of Grant, Kyle, Teichman and Mendles (1974). Their findings suggested
a relationship between the occurrence of life change and aggravation
of the diabetic state. 'Undesirable' events were mainly responsible
for this relationship. However no differences in the influence of
life events on the diabetic's physical condition were found between
juvenile-and maturity-onset types, or between male and female diabetics.

No comparisons were made with non-diabetic subjects.
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In the investigations of life change in this thesis a questionnaire,
Lundberg, Theorvell and Lind,

used by Theorell and his colleagues (e.g.A1975) in their studies of
life change in myocardial infarction patients, was used to study dia-
betic and control populations. Theorell developed the use of tuwo
forms of questionnaire; one measuring how tupsetting' each event was,
the other measuring the amount of 'adjustment!' required. In this way
they thought it possible to achieve a more precise picture of the
relative impact of each event on a person's life. The questionnaires
were used in the present studies to examine the way in which potentially
stressful life events were perceived by different groups of diabetic
and non-diabetic individuals and to relate the experience of life events
to the physiological control of the diabetic condition. This work is

described and discussed in Chapter Four.

4.8 The Perception of Concepts used in Describing Stressful

Experiences and the Coping Process ‘
Lunclberg, The oredl and Lind,

The research by Theorell g}975) assumed that the concepts of

'upsetting' and 'adjustment! were understood and were being used in
the same way by different populations. However, if different popula-
tions of people were responding to stressful events in different ways
it was clearly possible that they not only differed in their perception
of these events in terms of upsetting and adjustment ratings, but that
they also perceived these phenomena differently. Variations in the
perception and use of these concepts may have implications for the
interpretation of differences in response to life change question=-
naires.

Some attempt is made in the present thesis to assess the

meanings of the two terms through the use of a semantic differential
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technique and to compare their use by the different populations studied.
This approach, developed and used with the diabetic populations,
was applied also to the study of patients with ischaemic heart disease
because stress has been even more strongly implicated in the etiology
and course of that condition. Interest in the way that people with
ischaemic heart disease perceive and respond, both physiologically

and behaviourally, developed into a secondary line of research which

is reported in Chapter Five of this thesis.

ISCHAEMIC HEART DISEASE

5.1.The Etioloaqy of Ischaemic Heart Disease

There is now a widely held view that ischaemic heart disease
(IHD) is the result of a discrepancy between supply and demand in
the blood flow to the heart. Atherosclerosis is generally thought
to be the cause of diminished supply of blood, and this may lead to
infarction in the heart muscle. Most research has concentrated on
locating risk factors which may be causal in atherosclerosis. A high
serum cholesterol level has been shown to contribute to this condition
and much attention has been focused on determining the causes of
elevated serum cholesterol levels. Many physical 'risk factors' in
atherosclerosis have been studied and found to correlate to some
degree with clinical manifestations of IHD (ischaemic heart disease).
These risk factors include cigarette smoking, diet rich in fats or
refined sugar, obesity and physical ipactivity (for review see
Friedman, 1969). However, a description of these causal factors in
atherosclerosis would not completely account for the etiology of
IHD. Baroldi (1969) noted that in many cases of myocardial infarction
(MI) there was no atherosclerosis and Raab (1969) referred to

studies which suggested that between 50 and 55%
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of cases of clinically diagnosed infarctions Shavee no evidence
of thrombosis or other coronary occlusion. Furthermore, Groen, (1976)
stated that many people sustained a considerable degree of athero-
sclerosis without developing any of the clinical manifestations of
IHD. He suggested that most middle aged women in our culture would
present such a picture. In the light of these observations it may
be more productive to study factors directly related to the manifes-
tations of IHD, than to concentrate on the search for predisposing
factors in atherosclerosis which may or may not be present in people
sustaining angina, MI (myocardial infarction) or sudden death from
heart disease.

Clinical experience and epidemiological and sociological surveys
have all contributed useful information about such factors in relation
to IHD itself. These sources of information have shown that IHD
is related to such variables as age, sex, culture and urbanisation.
The incidence of IHD increases with age. The early development of
the disease is more common in males than females. IHD is typically
a disease of Western society and is less common in 'underdeveloped'
countries. Within Western society, IHD is more prevalent in urban
than in rural areas.

Groen (1976), in considering the various risk factors some
of which are mentioned above, summarised the findings:

'it appears that most of the risk factors which have

been shown to play a role in the multifactorial

causation of IHD are related to both the social

structure and ways of 'Western' society in general

and to certain personality and situational charac-

teristics which make these 'Western' psychosocial

behaviour patterns more risky for some individuals

than for others!'.

Clearly it is necessary to look beyond specific factors which have

been found to correlate to a greater or lesser extent with IHD in



order to elucidate the mechanism underlying the disorder. Raab (1969)
has argued that emphasis on specific factors in heart disease has
obscured the significance of more general neuroendocrine factors.
While atherosclerosis is undoubtedly a contributing factor in IHD

it cannot be said to be directly causal.

5.2 The Role of Neuroendocrine Factors in IHD

Earlier work by Selye (1958, 1961) on the effects of catechola-
mines and glucocorticoids on heart muscle has been confirmed and
extended by other researchers, notably Raab. Raab (1969, 1971)
suggested that the myocardial cell, perhaps with any oxygen supply
limited by atherosclerosis, would .lose intracellular potassium and
magnesium and gain sodium when its oxygen requirements were increased
by catecholamine activity. These effects would be enhanced by
corticosteroid activity on the myocardial cell membrane. Cell necrosis
has been attributed to this ionic disequilibrium. Coronary throm-
bosis was regarded as a contributing rather than an explanatory factor.
Thus it would appear that neuroendocrine activity of the kind shown
to be associated with the experience of emotional and environmental
stresses was at least as important a factor as atherosclerﬁsis in the

etiology of IHD.

There is some specific evidence to suggest a direct link between
catecholamines and atherosclerosis. Haft and his colleagues (1972)
have shown that infusions of noradrenalin may cause platelet aggre-
gation in the myocardial blood vessels of dogs, suggesting a possible
role of stress-induced increases in circulating catecholamines in
coronary atherosclerosis and clinical manifestations of IHD.

Models propounding the importance of stress in the development

34
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of IHD depend upon evidence that individuals who develop the disease
respond to stressful situations with an excessive degree of sympathetic
activity compared with individuals who remain healthy. However, if
such an association were shown in persons presenting symptoms of IHD

it would be equally possible that it was the disease which led to the
excessive reaction to stress. Prospective studies required to solve
this problem of interpretation are necessarily lengthy and tend to

be problematic. However there is considerable evidence from retro-
spective work and some from prospective studies that certain types

of behaviour patterns are associated with high catecholamine secretion

in response to stressful experiences and with increased incidence of

IHD.

5.3. The Role of Personality in Ischaemic Heart Disease

The work of Friedman and Rosenmanon individual differences in
the development of IHD has been extensive. They have described two
extreme behaviour patterns; a predisposing Type A behaviour pattern
and a relatively immune Type B pattern. Rosenman and Friedman and
their colleagues (1970) described six behavioural characteristics

typical of Type A individuals as follows:

1. An intense, sustained drive to achieve self-selected
but usually poorly defined goals.

2. Profound inclination and eagerness to compets.
3. Persistent desire for recognition and advancement.

4. Continuous involvement in multiple and diverse
functions constantly subject to time restrictions.

5. Habitual propensity to accelerate the rate of execution
of many physical and mental functions.

6. Extraordinary mental and physical alertness.

Type A behaviour is said to be overtly portrayed in rapid, tense



body movements and speech, impatience, excessive unconscious gesturing
and a strong sense of uragency. Initial studies found higher serum
cholesterol levels and a significantly increased incidence of IHD
among men exhibiting a Type A behaviour pattern. There were no
differences found between the groups in smoking, diet or alcohol
intake (Friedman and Rosenman, 1959).

A series of papers by Friedman and his colleagues followed con-
cerning a prospective study of 3524 males over a period of four and a
half years. 133 of the 3182 subjects still available for study had
manifested some form of IHD by the end of this period. The disease

was found to be significantly associated with the following factors:

1. Parental history of IHD.
2. Elevated blood pressure.
3. Smokinge.

4. Elevated serum cholesterol, triglyceride and beta
lipalbumin levels.

5. Type A bsehaviour.
(Rosenman and others, 1970)

The early work of Friedman and Rosenman (e.qg. 1959) was based largely
on clinical experience, and assessment of personality relied heavily
on the opinions of physicians and 'lay executives! rather than on
independent assessment through questionnaires. A study by Gertler
and others (1954) of 100 young men with IHD did not find any sig-
nificant differences in their personalitjes compared with normal men.
Friedman and Rosenman (1959) claim that 'careful scrutiny of their
data reveals that the majority of these 100 men actually did exhibit
many of the qualities characterising behaviour pattern A'. The
tevidence' they presented (Friedman and Rosenman, 1959) is question-
able. Friedman and Rosenman's later work appears to be rather more

reliable although in some studies judgements of both personality and
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clinical data seem to be made by the same experimenter and this type
of methodology is notoriously susceptible to experimenter bias.

Studies by other investigators have, however, provided sup-
porting evidence. Keith, Lown and Stare (1965) used 'blind' inter-
viewing and rating procedures in a cross-sectional study of patients
with IHD and other chronic diseases. They confirmed Friedman and
Rosenman's findings that Type A behaviour was associated with increased
prevalence of IHD.

Further studies have concentrated on perceptual aspects of
personality differences. For example, Raff and others (1969) focused
attention on sensory information processing as one important determinant
of cardiovascular function. Raff and his colleagues observed that
patients who sustained recurrent MI within twelve weeks of their first
infarction were more vigilant,hyperalert and 'overinclusive of stimulus
input!' than patients who did not sustain an early recurrence. Williams

(1975) suggested that

'the association of stimulus intake behaviour with increased

plasma catecholamine levels (Williams, 1974) could provide

a basis - via the effects of catecholamines to increase

myocardial oxygen consumption - for the increased re-

infarction rate among overscanners!.

Williams (1975) reviewed studies of other measures of individual
differences in perceptual style such as field dependence vs field
independence, augmenters vs reducers, and associated levels of sym-
pathetic nervous system activity. He suggested that such factors could
account for the relationships between psychosocial factors and the risk
of coronary disease.

Raab (1968) provided evidence that certain 'emotionally irritable!'
individuals may be predisposed to IHD. He examined responses to 'mild

sensory and mental annoyances' (noise, flickering light and mental

arithmetic). These stimuli were found to provoke significant increases
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in plasma cortisol levels and manifestations of cardiac sympathetic
stimulation in individuals shown, by means of questionnaire assessment
to be'emotionally excitable with regard to everyday annoyances. Raab
cited evidence from other studies including studies which showed that
individuals with catecholamine-overproducing pheochromocytoma (Raab,
1953; Van Vliet and colleaguss, 1966) and cortisol overproducing
Cushings disease (Raab, 1953; Kalinin and colleagues, 1966;

and Kilinsk
Zairatyantqv 1967) were more prone towards myocardial disease.
Conversely individuals with hypoadrenalism in Addison's disease,
showed a total absence of myocardial disorders (Raab, 1953). On the
basis of this extensive evidence Raab suggested that the individuals

who were hyperreactive towards everyday annoyances would be more

prone to IHD.

5.4. Association between IHD and Diabetes

It is clear from this brief statement of the present state of
research that there is much evidence to suggest that the experience
of stress is intimately linked with the pathogenesis of IHD via the
activity of various endocrine systems. Catecholamines released in
response to stressful conditions may directly affect the demands of
the myocardium, particularly in the presence of certain adrenocortical
hormones such as cortisol which have been shown to be active in con-
ditions of chronic stress. Vagal and sympathetic-inhibitory mechanisms
are also implicated in the manifestation of IHD since their counter-
regulatory function may be inadequate in controlling excessive cate-
cholamine activity.

Several researchers have nbted further associations between IHD
and diabetes mellitus.  Yudkin considered the role of nutrition in
the conditions of diabetes and atherosclerosis to be of central im-

portance. He believed that dietary sucrose was of particular sig-



nificance in the etiology of these disorders, and stated that sucrose

'now contributes between 15% and 20% to the average dietary

calories of the wealthy countries in which obesity, diabetes

and atherosclerotic disease have increased in prevalence,

(Yudkin, 1972(a)).!

Yudkin (1972(b)) provided evidence to show that sucrose profoundly
affected hormone secretion in the body. Sucrose has been shown to
cause a rise of 50% in the level of insulin in fasting blood and a
rise of 300% to 400% in the level of corticosteroids.

There is evidence, summarised by Mahler (1965) and by Stout
and Vallance-Owen (1969) to suggest that a high concentration of
insulin may be the mechanism that produces atherosclerosis. Stout
and Valance-Owen noted that despite improvements in the control of
hyperglycaemia and ketosis which have resulted from insulin therapy,
the incidence of diabetic arteriopathy has steadily increased. They
also provided evidence that a large proportion of non-diabetic
patients with IHD had mild abnormalities of carbohydrate metabolism
(e.g. impaired glucose tolerance) similar to those found in diabetic
subjects. The authors suggested that ingestion of refined carbohy=-
drates stimulated the secretion of disproportionately large amounts
of insulin in certain individuals. They proposed a mechanism which
incriminated insulin and carbohydrate in atherosclerosis. They

suggested that this scheme would link atherosclerosis with diabetes

and other disorders of metabolism.

'Ingestion of large quantities of refined carbohydrate
would stimulate the secretion of insulin. In certain
individuals, including those with increased synalbumin
antagonisml, the output of insulin would be disprop-
ortionately large, although exercise would diminish the
secretion. The immediate result would be enhanced ab-
sorption of further carbohydrate, and thus more insulin
secretion. The individual has now in his circulation
large amounts of glucose and insulin, and the action of
this insulin is modified in favour of lipogenesis. The
carbohydrate is disposed of in three sites - adipose
tissue, liver and arterial wall. Obesity is produced.
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In the liver, triglyceride and cholesterol are
synthesised and find their way into the circulation.
Lipid synthesis is also stimulated in the arterial
wall and is augmented by deposition of plasma lipids.
Local haemodynamic factors govern the distribution
of the arterial lipid, which in a few decades would
reach significant proportions.’'

Szanto and Yudkin (1969) also proposed that persons in whom
sucrose produced hyperinsulinism were those who were susceptible to
the action of sucrose in producing IHD. Yudkin (1972(c)) suggested
that a hormonal inbalance, perhaps of insulin or perhaps of an
adrenal cortical hormone is the cause of the multiple disturbances
associated with IHD rather than a simple biochemical aberration
such as the rate of cholesterol synthesis.

It appears that the hormones involved in sugar metabolism
and blood glucose regulation may be involved in the disorders
of both IHD and diabetes. If such hormonal imbalance does exist
in IHD patients it may he reflected in the blood glucose changes
associated with stressful conditions. The study of blood glucose
changes in diabetic patients under stress was therefore extended
to examine the effects of stress on blood glucose levels in patients
with IHD. Patients with IHD were studied in order to investigate
their behavioural, perceptual and physiological responses to various

experiences of stress. The laboratory study was designed in the
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same way as the diabetic study to examine the specific effects of noise

stress on performance and blood glucose levels. The study of life

Synalbumin is present in all serum but is present in increased
amounts in diabetics and pre-diabetics. It antagonises the
action of insulin on muscle but not on fat. Increased levels
of synalbumin have been found among patients with MI.
(vallance-Ouen, 1969).
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change concentrated only on the psychological factors involved in
reactions to life events by patients with histories of MI. It was
not within the scope of this research to attempt any form of pros-
pective study or to measure physiological variables that may be assoc-

iated with the experience of life events by patients with IHD.

5.5. Life Events and Ischaemic Heart Disease

It has already been mentioned that much research has concentrated
on the relationship between life events and IHD. [Most studies have
attempted to demonstrate a positive correlation between life change and
IHD manifestations using questionnaires such as the SRE. Many of these
studies have found that MI patients and their relatives tend to report
retrospectively that the six to twelve month period preceding the
disease onset was characterised by an unusual number of important
changes in the patient's life, (e.q. Rahe and Romo, 1974; Rahe and
Paasikivi, 19713 Theorell and Rahe, 1971).

Several investigators have measured physiological reactions to
life change which may be relevant to the pathogenesis of MI.

Theorell and his associates (1972) studied 21 male, rehabilitated
survivors of MI and found that the mean level of life change exper-
ienced per week was correlated with the subjects! mean adrenalin out-
put over the same period. A prospective study was undertaken by
Theorell and his colleagues in order to eliminate the possibility that
bias may be created by the patients (or the relatives) knowledge about
their illness. Such bias, if it exists, may lead to an increase in
the number of life changes reported in an attempt to 'explain; the
origins of the disease. This study is still ongoing. Using large

samples from a population of seven thousand, middle aged, building
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construction workers, Theorell aimed to study the effects of change
on health data such as ECG, blood pressure and serum lipid measures.
Evidence of illness other than that indicative of IHD is also being
collected, (Theorell, rq=ke.).

A two year follow up study of this work was reported in 1976
(Theorell, 1976). One of the measures used was the 'discord index!'
devised by Theorell and his co-workers (Theorell and others, 1976).
It was previously found that a high 'discord index' - including
mainly irritability and life dissatisfaction variables - indicated
a significant increase in the risk of sustaining MI in the near-
future. Iﬁ the two year follow up study, it was found that those
workers characterised by both high 'life change! (LC) and high
'discord! (D) indices had higher blood pressure than the other groups
(high LC, low D; low LC, high D; and medium and low scores on both LC
and D). Among 'lou discord'! subjects, those with many life changes
had no excess illness. This work therefore suggests that the manner
in which people habitually respond to psychosocial events has to be
taken into accoﬁnt in evaluating the impact of such events on their
health. This factor is not considered in the majority of studies of
life change and may account for the lack of impressive correlations
in such studies between life change and illness noted by Nelson (197%).

Theorell and his colleagues have also been working towards
further refinements in the use of measurements of life change. It
has already been mentioned in section 4.7 that Theorell has developed
the use of a form of the SRE to be rated for both 'adjustment! and
'upsetting'. Theorell and his associates (Lundberg and Theorell, 1976)
gave these questionnaires to groups of patients with low back pain,

patients with neurosis and to MI patients in order to investigate
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the possibility that guantitative differences in rating change may
exist. The experiment showed that on average, neurotic patients gave
higher values than their controls to the life change events on both
scales, while MI patients gave higher values only on the 'upsetting'
scale.- Low back pain patients did not differ in their scaling means
from the controls. The authors tentatively suggested that thehigher
values in the patient groups might reflect some characteristic which
both had preceded their illness and had contributed towards it. They
also point out, however, that higher values might also be an effect
of a response bias due to assumptions of the patients concerning the
causes of their illmess. However, MI patients gave significantly
higher values only for the upset scale and it is therefore possible
that this scale is more relevant for their reaction to life changes.

In the same paper, Lundberg and Theorell compared ratings of
experienced and non-experienced events. It was thought that if re-
trospective response bias was influencing the results it would tend
to be most apparent for experienced events. However, although the
MI patients tended to give higher values than controls, there was no
significant difference between the ratings of experienced and non-
experienced events by MI patients. 1In addition, several of the ex-
perienced events were given higher values by the controls. The authors
suggested that these findings indicated that response bias was having
little affect on the results and went on to propose that:

'A more likely explanation is that MI patients do perceive

various life changes differently from control subjects and

that some events are considered to be more important by the

MI patients, while others are considered to be more important

by the controls. Group differences in personality, such as

a larger proportion of Type A persons among the IMI patients

may be the reason for these differences.!

The SRE questionnaire revised by Theorell and his colleagues was
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applied to the study of MI patients as well as to the study of
diabetic patients. A replication of Theorell's findings was
attempted with British patients. In addition the use of the con-
cepts 'upsetting' and 'adjustment'! was examined. It has been sug-
gested earlier, in section 4.8 describing the use of these methods
with diabetic patients, that differences in perception and use
of the concepts 'upsetting' and 'adjustment' may exist between the
populations studied. Theorell's extensive research with MI patients
demonstrated considerable quantitative and perhaps qualitative dif-
ferences in the experience and rating of 1life changes by MI patients.
Throughout his research Theorell recognised the need for greater
precision in the use of the rating scales if they were to be of any
predictive value. Investigation of individual differences in per-
ception and use of the concepts upon which such rating scales depend,
will perhaps increase the precision with which the instrument is used.
It is hoped that information gained from further study of the terms
tupsetting' and 'adjustment'! will be useful in the interpretation of

results from life change situations.

6. Factors which may influence the Psychophysiological Effects

of Stress

The studies by Cox, Simpson and Rothschild in 1973 developed on
the one hand into the present series of studies with hospital patients
and on the other into an extended series of experiments with healthy
subjects. This parallel series of studies of healthy people was
carried out by Mackay, Cox and other colleagues in Stress Research
at Nottingham University. The effects of glucose preloading on blood
glucose levels and performance were examined in response to various

forms of stress using a variety of experimental tasks. Sex differ-
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ences were also examined in this healthy population. The results of
this work will be referred to at relevant points in this thesis.

In Chapter 6 two experiments with healthy subjects are reported.
These experiments were designed and carried out in collaboration with
Mackay to investigate further some of the questions arising both from
the hospital studies and from the studies carried out at the University
by Mackay and other members of the research group.

The possibility that some of the differences in response to
noise stress might be due to the amount of glucose preloading was
investigated. The relative importance of psychological and physiological
factors in determining the results of glucose preloading was also
studied.

In addition it was possible to run the experiments in conjunction
with Mackay in such a way that any effects of experimenter differences
on the results could be examined. It was thought that experimenter
effects might have contributed towards some of the unexpected
differences between the results of the two experimenters' respective
studies. This !'joint' experiment provided an excellent opportunity to
investigate any such effects.

These experiments will be introduced more fully in Chapter 6

where they can be considered in the context of earlier studies.

7. Summary

Different applications of the concept of stress were considered.
The use of the term 'stress' in the present thesis was discussed and
the specific stressors studied (noise stress and life stress) were
described.

Psychophysiological responses to stress were then considered

with particular reference to factors affecting blood glucose regulation.
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Changes in blood glucose levels were shown to be of particular sig-
nificance under stressful conditions. It was suggested that measures
of blood glucose may provide an important indication of the physio-
logical responses of healthy subjects, diabetic, heart disease and
control patients under stressful conditions.

The clinical manifestations of diabetes mellitus and ischaemic
heart disease were described and the role of stress in the etiology
and course of both conditions was considered. The studies of these
patients were introduced in the context both of related work already
described in the literature and of ongoing work by other researchers.

The results of studies of diabetic, IHD and control patients were
considered in relation to work carried out in parallel investigations
by other researchers at Nottingham. Two experiments which evolved
from and were relevant to both these lines of research were intro-
duced.

The sequence of the experimental work is presented in the

following summary.



47

8. SEQUENCE OF EXPERIMENTS DESCRIBED IN THIS THESIS

Chapter 2
METHODOLOGY

The methods employed throughout the thesis are described.
Necessary pilot studies and the development of the semantic

differential scales are discussed in detail.

Chapter 3
DIABETES MELLITUS: LABORATORY STUDIES OF NOISE STRESS

Two laboratory studies of the effects of noise stress on physiological
and behavioural measures of patients with diabetes mellitus are

described and discussed.

Chapter 4

DIABETES MELLITUS: STUDIES OF LIFE STRESS

Attitudes towards and experience of life events by diabetic and
control patients are examined. The effects of life change on the
management of diabetes is investigated. The perception of concepts
used in the guestionnaires is studied using the semantic differential

technique.

Chapter 5

ISCHAEMIC HEART DISEASE: STUDIES OF NOISE AND LIFE STRESS

A laboratory experiment on the effects of noise stress on physiological
and behavioural measures of patients with IHD is described and dis-
cussed. Psychological reactions of life events by IHD and control
patients are investigated. The perception of concepts used in

the questionnaires is studied.



Chapter 6

HEALTHY SUBJECTS : STUDIES OF FACTORS AFFECTING THE
RELATIONSHIP BETWEEN GLUCOSE, NOISE AND PSYCHOMOTOR PERFORMANCE

Two laboratory experiments with healthy subjects are reported.
The first investigates the possibility of titrating the amount

of glucose preloading with the degree of noise stress.

The second investigates experimenter differences and the

relative influences of psychological and physiological components

in the effects of glucose preloading.
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CHAPTER 2.

METHODOLOGY

This chapter deals with the various methodological questions that
have arisen. The independent and dependent variables involved in the
laboratory experiments are each considered separately. The method-
ological problems inherent in the use of life change questionnaires
are discussed with reference to pilot studies which preceded the studies
of life change presented in chapters 4 and 5. The development of a
semantic differential questionnaire for the assessment of the meanings
of concepts used in the life change questionnaire is also discussed.

Laboratory Experiments

The dependent variables measured throughout the series of lab-
oratory experiments are considered first. These are followed by
discussion of the independent variables studied.

Dependent Variables

l. Blood Glucose Levels

Capilliary blood samples of 0.05 ml. of blood were taken from
the nail bed of the thumb of the subject's non-preferred hand. Hand-
edness was determined by enquiry. The area was cleaned, a tourniquet
was applied around the base of the thumb, which was bent, and the skin
ruptured using a 'sera-sharp' sterile blood lancet. The small amount
of blood required was drawn using a blood pipette and precipitated in
0.5ml of perchloric acid (0.33M). The sample was centrifuged at
70 revs/min for 10 minutes and the supernatant cold stored until assay.

Samples were analysed by the GOD-Perid Method (Boehringer kit

No. DBPI-648-840) using a Pye SP600 spectrophotometer. Blood glucose
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estimations in mg/100ml were recorded.

The technique of blood sampling described above was selected by
Bradley and Cox after consideration of several alternative methods.
The possibilities of ear-lobe and ball of thumb samples were also ex-
plored. However capilliary blood sampling in the manner described above
was found to be painless and quick and incurred the minimum inconvenience
to both subject and experimenter. Venous blood samples might have
provided more accurate measures of absolute blood glucose levels but
the procedure involved is generally considered to be unpleasant and
would have been disruptive (more stressful) in these experiments.
Venous blood sampling would also require the presence of a para-medic
and such a requirement would have been an added complication. Since
changes in blood glucose levels rather than absolute measures were of
primary interest, capilliary samples from the same location provided
a satisfactory estimate for this purpose.

A reliability study was carried out by the present writer (cB)
and Mackay (CJIM) in order to assess the degree of reliability of the

sampling technique and the method of analysis used.

1.1. Reliability Study: Blood Sampling and Glucose Estimations

The aims of this experiment were as follows:-
i) To assess 'split-half! reliability for each experimenter
i.e. to compare two blood glucose estimations, of the

same sample, made by one experimenter.

ii) To assess the degree of reliability between the experimenters
i.e. to compare blood glucose estimations of the same
sample made by two different experimenters.

iii) To assess the reliability of the blood sampling technique



between experimenters by comparing blood glucose
determinations of different blood samples taken by

two experimenters from the same subjects.

Method
Subjects 3 male and 3 female colleagues participated as subjects
in this study.

Experimenters CB and CJM.

Procedure A capilliary blood sample of 0.05 ml was taken by each of
the experimenters from each of the six subjects in the manner described
above. The order in which the experimenters were to take the samples
was balanced. The second sample was taken by the second experimenter
as soon as possible after the first sample.

Each experimenter analysed his/her own sample twice and the other
experimenter's sample once. Thus three analyses were made of each

sample. . The procedure is summarised below in figure 1.

Figure 1l: Summary diagram of blood sampling and glucose determinations

by experimenters

Subjact
Blood sample: . Bi(\iff;::><:::i//,85 (cam)
Glucoss Gl G2 GS G5 G6
determinations: /

Experimenter: CB Cam
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Results and Discussion

The results are summarised in Table 1 as means and standard

deviations.

Table 1l: Means and Standard Deviations of Blood Glucose Estimations

SAMPLER
CB CIM

[lean 109.1 108.4 113.3
CB

S.D. 12.79 12.39 14.12

ANALYSER

Mean 108.3 112.4 112.5
CIM

S.D. 9.93 10.30 10.61

The two determinations made by each experimenter of his/her own
blood samples were correlated using Pearson's Product Moment correlation.
The correlations were highly significant for both experimenters,

(cB: r = 0.979, sig.<.001***;  Cam: r = 0.918 sig.<.01**). The
correlations of determinations made by the two experimenters sep-
arately for each of the blood samples were also highly significant.
(r= 0.974 sig.<.001, r = 0.931 sig.<.0l1). These results suggest
that the method used to analyse the blood samples for glucose was
reliable.

A three way analysis of variance was carried out to confirm that
there was no effect of 'analyser' and to examine any effects of
'sampler' on the blood glucose results. (Where two blood glucose
determinations had been made on one sample by the same experimenter,

the first value was used in the analysis of variance).
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The results confirmed that there was no effect of 'analyser!
i.e. differences in blood glucose measures were not due to the bio-
chemical analysis of the samples. However there were significant dif-
ferences in blood glucose measures from the same subject. These dif=-
ferences were dependent upon which experimenter took the sample (the
'sampler'). A summary of results from the analysis of variance is
presented in Table 2 below.

Table 2. Analysis of Variance of Blood Glucose Determinations

SOURCE SUM OF SQUARES DFI  VAR.EST. F. DF2 P.
A (Subjects) 3184.0704 5 636.8141

B (Analyser) 2.6642 1 2.6642 0.108 5 N.S.

C (Sampler) 112.6642 1 112.6642  18.960 5 0.0073%3* sig
AB 123.6718 5 24,7344

AC 29.7108 5 5.9422

BC 0.1093 1 0.1093 0.017 5 N.S.

ABC 31.4454 5 6.2891

Total 3484.3400 23

While it was expected that there would be some difference between
the two blood samples taken from each subject, a consistent and sig-
nificant difference was not expected. The data showed that the three
blood glucose determinations of samples taken by CJM were consistently
higher than samples taken by CB (Means: 112.9 and 108.7 mg/100ml.
respectively). Because the order in which the experimenters took their
blood samples was balanced, this factor could not account for the results.

It is possible, but unlikely, that the subjects' blood glucose levels
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actually changed; increasing during the short interval between samples
when CB took the first samples and decreasing when the first sample
wvas taken by C3IM. The difference was more likely to have been due to
the amount of blood taken. On further observation, it appeared that
CIM slightly but consistently overestimated the quantity of blood re-
quired while CB slightly but consistently underestimated the amount.
However, since it was the change in blood glucose levels rather than
the actual levels that was of primary interest in the work involving
such samples, the degree of reliability found in this study was satis-
factory provided that the same experimenter took each of the blood
samples required from any one subject during an experimental session.
Problems would arise only if, for example, CB consistently took the
first sample and CJM the second; a difference between the blood samples

would then be found that was greater than the actual difference.

Conclusion

The estimation of blood glucose by the analytical method described
above in section 1 was reliable both within and between experimenters.
There were small but consistent and significant differences in
blood glucose estimates between the samples taken by the two experi-
menters. The result would be of little significance provided that
only one experimenter took all of the necessary blood samples from each
subject during an experimental session. In the experiments described
in Chapter 6, where both CB and CJM were experimenters, the experimenter
for each subject was kept constant. Experimenters results only varied

between subjects.

2. Performance

Performance at the pursuit rotor task (described later in this
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chapter) was measured automatically by means of Grason Stadler and
AIM-Biosciences programming modules. Two measures of performance were
obtained. The time on target (TOT) score indicated the total time in
minutes that the subject managed to keep the probe in contact with the
light. The number of deviations (Dev.) from the light was also recorded.
These measures tended to be negatively correlated; higher time on target
scores were usually associated with fewer deviations.

However different strategies used in coping with the task might

be reflected in different correlations between the two measures.

3. Experimental Procedure

A standard experimental procedure was followed throughout the
various laboratory studies. The procedure was briefly described to
potential subjects although explanations of the purpose of the experi-
ments were generally withheld until the session was over. On arrival
at the laboratory, a blood sample (BSI) was taken in the manner described
in section 1. Glucose preloaded subjects and controls were then given
the appropriate drink. Information given concerning the drink varied
according to the populations studied and the aims of the experiment.

Subjects then sat quietly for 30 minutes completing any ques-
tionnaires required (see sections 4,5 and 6a) and/br reading "neutral"
magazines provided by the experimenter. Smoking was not allowed.

After the 30 minute period allowed for glucose absorption, a
second blood sample (BS2) was taken. The subject was then shown the
pursuit rotor task and appropriate instructions were given (section 8).
The subjects either performed the task or sat quietly at the apparatus,
for 15 minutes. All subjects wore headphones which transmitted 50 or

80dB white noise.
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At the end of the 15 minute period, the subject removed the head-
phones and returned to the original area where the third blood sample
(BS3) was taken. Questionnaires concerned with subjective experience
of the previous 15 minute session were then completed. Finally explan-
ations were given and subjects! questions were answered. The procedure

is summarised diagrammatically in figure 2.

4. Information sheets

A variety of questionnaires were devised in order to pgather data
from subjects concerning such factors as age, sex, occupation, health
and medical treatment, height, weight and time since last meal.

In the experiments on healthy subjects, the time since the last
meal was controlled but this was not possible with the hospital patients,
most of whom volunteered and participated in the study during a single
clinic visit. The period of fasting was always recorded, this being
an important factor in determining blood glucose levels. Body weight
was also a factor which might influence the requlation of blood glucose.
The discrepancy between actual and ideal weight was calculated. The
ideal weight for age, sex and height was determined from the Preludin
Calculator based on data published in the Journal of the Institute of

Actuaries, London.

5. Personality Measures: The Mauddley Personality Inventory (MPI)

The MPI (Maudsley Personality Inventory) developed by Eysenck
(1959) was used to estimate measures of personality aleng the two
dimensions of Extraversion-Introversion(E) and Neuroticism-Stability (N).
Eysenck claimed that these two dimensions were unrelated and together

provided a broad picture of an individual's personality.



Figure 2. General Form of Experimental Procedure

This figure describes the 45 minute experimental session.
The points at which blood samples (BS1l, 2 and 3) were
taken and the points at which the various questionnaires

were given are indicated.
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'Yhile not wishing to deny the existence and importance
of factors additional to E and N, we believe that these
two factors contribute more to a description of person-
ality than any other set of two factors outside the
cognitive field.' (Eysenck and Eysenck, 1964).

The MPI consists of 48 questions in yes/no form. 24 questions
relate to the E dimension and 24 to the N dimension. A question mark
could be circled if the subject was uncertain of his answer to the
question but its use was discouraged in the instructions.

A large number of validation studies have been carried out with
the MPI and standardisation data for a variety of population samples
are available (Eysenck, 1959). However, there are several weaknesses
inherent in the questionnaire. Subjects scored high on the N scale
if they responded with 'yes' to the N questions; this allowed for
the possibility of bias due to acquiescence response style. This
methodological deficiency did not apply to the E scale of the question-
naire.

Other problems involved semantic difficulties experienced by cer=-
tain subjects. Some questions were ambiguous in their construction;
e.g. "Is it difficult to 'lose yourself! even at a lively party?"

The term 'Gay' has recently acquired an additional colloquial meaning
giving the question "Can you usually let yourself go and have a
hilariously good time at a gay party?" an alternative meaning.

The problems of personality measurement have been discussed in detail
elsevhere (e.q. Heim, 1970).

Despite these deficiencies, the MPI is comparatively straight-
forward and the majority of subjects were able to complete it without
great difficulty. In the few cases where the subjects were unable to
complete the questionnaire due to reading problems or poor eyesight for
reading, it was possible to read the items to the subjects and record

their answers.
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6. Subjective Report of Experience

In the experiment by Cox, Simpson and Rothschild (1974)
no attempt was made to estimate the subjective degree of stress ex-
perienced by the subjects. The noisy (80dB) condition was assumed to
represent a stressful situation because it was associated with per=-
formance impairment and the gquiet (50dB) condition was thought to be
non-stressful. However, glucose preloaded subjects showed no impairment
with 80dB noise: their performance was impaired in the guiet condition.
It could be suggested that this finding indicated that glucose preloaded
subjects experienced the quiet condition as more stressful. Clearly
some estimate of subjective experience was necessary in order to inter-
pret the results more fully. Cox (personal communication) has since
recognised that the lack of subjective measures of experience was a

deficiency in that experiment.

6.1. Subjective Experience Questionnaire

In the experiments with diabetic, IHD and control patients,
subjects were questioned about their experience of the experimental
session by means of a short questionnaire.

In three of the guestions the subjects were asked to tick one
of four items which best described how they felt, for example:

Very pleasant

Pleasant

Unpleasant

Very Unpleasant
Questions two and three involved the dimensions tense-relaxed and
bored-interested. Theoretically boredom might be conceived as a fac-
tor in or a correlate of stress; understimulation as well as over-

stimulation might be stressful (Levi, 1974). It was suspected that
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boredom might have been a complicating factor affecting subjects who
were not asked to perform the task. However the responses to these
four-choice questions were not statistically examined, they were merely
used to obtain a subjective impression of the subjects' reactions to

the experimental situation. The responses to question 4 were analysed
statistically. Three alternative responses were suggested to question 4
'How stressful did you find the session?' Very, Slightly and Not at All.
This question was useful in determining the degree of stress subjects
were prepared to report that they had experienced. Many researchers
would doubt that a true impression of the subjects' experience could

be gained merely by asking them. The final question (five) was an
attempt to achieve an indirect measure of the subjects' experience in
terms of estimation of the length of the time period. Subjects were
asked to estimate the duration of time (i.s. the number of minutes)

they were sitting at the apparatus.

The relationship between physiological variables and time estima-
tion nas been a source of interest for over a century. However, the
study of time estimation has been confounded by variations in the de-
finition of time experience and by the diversity of approaches to the
study of the phenomenon. Ornstein (1969) extensively reviewed the area
of time experience and considered the theoretical and methodological
problems involved. Studies attempting to relate time estimations
and physiological changes have on the whole been inconclusive. Studies
investigating the effects of various drugs on time estimation have been
rather more consistent.

Frankenhaeuser (1959) confirmed the findings of Goldstone and
colleagues (1958) that amphetamine lengthened duration experience rela-
tive to a placebo. The experience of duration under amphetamine was

shoun to be significantly longer than under a sedative, phenobarbitol.
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Frankenhaeuser also showed that caffeine lengthened experience of
duration. Thus stimulant drugs which increased awareness or alertness
appeared to extend estimates of time while sedative drugs depressed
alertness and decreased time estimates. These findings were explained
by Ornstein (1969) in terms of 'Storage Size' metaphor. He suggested
that duration depended on the size of the storage space for the infor=-
mation of a given interval. The size of this space would depend upon
both the amount of information or number of occurrences in the interval
that reached awareness and the way in which that information was
"churked' or stored. Stimulant drugs might increase awareness of
information and lead to an impression of increased duration. Com-
parable results have also been shown with psychedelic drugs which in-
creased awareness, for example Bromberg (1934) with mari juana,

Fischer (1967) with psilocybin and Masters and Houston (1966) with LSD.
With such drugs it has been consistently shown that duration is lengthened
relative to 'no drug' experience.

It could therefore be hypothesised that naturally occurring
changes in awareness or alertness, which may perhaps be termed 'arousal',
might be related to the experience of duration: longer estimates of
duration being associated with higher levels of arousal. Houwever,
attempts to relate time estimation as a measure of arousal with physio-
logical changes associated with arousal have been disappointing (e.q.
Kopell and colleaques, 1969).

In the studies in this thesis, estimates of duration are examined
along with other subjective measures of arousal and measures of stress.
The possible relationship between these measures and the physiological
and behavioural variables studied was investigated and reported in

chapters 3, 5 and 6.
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6.2 Stress Arousal Checklist

Later experiments reported in Chapter 6 employed a self-report
questionnaire of arousal which was rather more sophisticated than the
previous questionnaire. Comparisons were made between the tuwo.

The Stress Arousal Checklist (SACL) was developed by Mackay, Cox,
Burrows and Lazzerini for this purpose. The inventory was developed by
factor analytic techniques for use with a British population and is
based upon the work of Thayer (1967). It appeared to measure two
factors. These have been labelled 'stress' and 'arousal'. Both fac-
tors were bipolar. The adjectives loading on each of the factors are

listed as followus:=-

Stress Factor

Stress + Stress -
Tense Peaceful
Worried Relaxed
Apprehensive - Cheerful
Bothered Contented
Uneasy Pleasant
De jected Comfortable
Up Tight Calm
Jittery (7)
Nervous

Distressed

Fearful

(11)
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Arousal Factor

Arousal -+ Arousal =
Active Drousy
Energetic Tired
Vigorous Idle
Alert Slugaish
Lively Sleepy
Activated Somnolent
Stimulated (6)

(7)

The SACL questionnaire contained the above 31 adjectives in random order.
Four responses were possible for each adjective ++, +, ?, or =-. If a

++ or a + had been circled to a positive adjective then a score of 1

was recorded for that factor, otherwise no score (0) was assigned.

If a ? or a - had been circled for a negative adjective then 1 was
scored, otherwise 0. Scores for all the adjectives were added up

and a total score was calculated for each of the two factors. Thus the
scale for stress ranged from 0 to 18 and the scale for arousal from

0 to 13. (After Mackay, 1978).

This method of scoring assumed that a ? response to a negative
adjective implied agreement with the unspecified polar opposite of the
term. Thus when, for example, a ? responsewas made to 'Calm' it was
taken that the subject did not merely not feel calm but actually felt
the opposite of calm to some degree. Justification for this assumption
may be controversial.

Nevertheless the SACL provided answers to some of the semantic

problems inherent in the previous questionnaire. The SACL did not depend
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entirely on the subjects' understanding of and response to the term
'stress'. Eighteen adjectives were used to describe different feelings
which might arise under stressful conditions. Some adjectives referred

to feelings which might be assessed primarily in terms of somatic res-
ponse such as "tense" and "jittery". Other adjectives, such as worried

or apprehensive, described feelings more in terms of cognitive appraisal
of the situation. Thus a range of adjectives describing both thoughts

and feelings were used to estimate the degree of stress experienced.

The experiments described in Chapter 6 used both the SACL and the previous
questionnaire of Subjective Experience. The relationship between the

twuo questionnaires is discussed in Chapter 6.

Independent Variables

The independent variables manipulated in the laboratory experiments
involved noise, task and glucose preloading. .Pilot experiments eliciting
dose-response curves for glucose preloading were carried out and are
described in this section. Further pilot studies concerned with the
problem of determining a suitable placebo for the glucose drink were

also conducted and are described.

7. Noise
&

In the noisy condition, 80dB of continuous white noise was pre=-
sented to the subject through headphones. The noise was produced by a
Campden Instrument White Noise generator (CI530), and transmitted
through an 'Advance! step attenuator Type AG4 with 600 ohms impedance.

In the quiet condition, subjects wore the headphones with the
white noise level set at 50dB.

n
Headphone noise levels were standardised using a Bruel and Kjger

sound level meter, type 2205.
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The levels of white noise, 80dB and 50dB, had previously been
used in the studies by Cox (1973), Simpson (1974) and their colleagues.
The 80db noise was described by these authors as stressful and was
associated with time on target scores that were signficiantly lower

than scores obtained durinn exposure to 50dB noise.

8. Task

The experimental task was a étellate pursuit rotor tracking task
(track width of 20mm, stylus diameter of 4mm). This task was the one
used by Cox and Simpson and their colleagues (1973, 1974). The speed
of rotation of the light to be tracked was kept constant at 10 rev/hin
giving an overall distance time requirement of 0.014 metres per second.
The task lasted for 15 minutes. Performance measures were described in
Section 2.

This tracking task is usually described as a complex psychomotor
task. The most commonly performed real-life equivalent task is driving
a car, although it has been suggested that driving a tank would probably
resemble the task more closely. Subjects were able to comprehend the
nature of the task without difficulty. Instructions to subjects,

which were accompanied by a practical demonstration, were as follows:

'This is a tracking task. I would like you to track the
light with this light sensitive pencil which will measure

the time you are on the light and the number of times you
miss the light. Try and keep the pencil on the light for

as much of the time as you can. UWhile you are doing this,

I would like you to wear these headphones. They will provide
this continuous hissing noise. Now if you put the headphones
on 'and begin when you are ready I will let you know when the
session is over*. All right?!

* For subjects at the hospital this sentence was extended to include

the phrase '. . . but stop and tell me if you feel unuell!.
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Subjects were observed while they tracked once around the star
in order to ensure that the instructions were understood. The pro-
gramming equipment was then suitched on and TOT (time on target) and
Dev. (deviations) scores were recorded for 15 minutes.

In the control conditions subjects merely sat at the machine
wearing headphones presenting 50 or 80dB noise. [Most of the subjects
were quite unfamiliar with experimental design, consequently some ex-
planation was needed in order to reassure subjects that there was a
purpose underlying these seemingly odd requirements. Instructions were
as follouws:

'This is a tracking task which I am asking some people

to work at. In order to understand what happens when

people work at the task while listening to noise I need

to know what happens when people just sit here listening

to this noise from the headphones without doing the task.

I would like you to be one of these comparison subjects.

All I want you to do is to put the headphones on which

will provide this continuous noise. I shall let you
know when the session is over.* All right?!

Subjects were not told how long they would be working at the task
since they were subsequently required to estimate this period of time.
Occasionally subjects called out to ask how much longer they would
have to go on. This was a rare occurrence but happened noticably more
frequently with IHD patients. The experimenter would reply reassuringly
but non-committally with for example, 'Not much longer! or 'You're
over half way through'. Although the subjects were at liberty to give
up the task, and patient groups had been specifically told to do so if
they felt unwell, no one did give up although many reported that the

situation was very stressful. (See sections on self-report).

* For subjects at the hospital this sentence was extended to include
the phrase ". . .but stop and tell me if you feel unwell."
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9. Glucose Preloading

In earlier studies (Cox and colleagues, 1973; Simpson and colleagues,
19743) some of the subjects were preloaded with 18 gm. glucose in 100ml.
water (after Murrell, 1971). The remaining subjects were given only
100ml. water to drink. Preloading with glucose induced an average
elevation of blood glucose after 30 minutes of 50mg./100ml. above fast-
ing blood glucose levels.* The mean value of the initial fasting
blood glucose levels was 77mg./100ml. Thirty minutes after glucose
preloading blood glucose levels were thus elevated to a mean value of
127mg/100m1.

In the present work, diabetic and IHD patients were to be com-
pared with control patients. One group of control patients was to be
preloaded with glucose in order to elevate their blood glucose to levels
comparable with those of the diabetic subjects. The second group of
control patients was not prelocaded with glucose and nor were the diabetic
or IHD patients.

In order to assess the range of blood glucose levels expected
of the insulin treated diabetic men who were to be studied in the lab-
oratory experiments, data from the hospital files of 8 such patients
were collected. The five most recent blood glucose estimates for each
patient were examined. The mean of the 40 data points was 214.Img/100ml.
Only 5 data points fell below 120mg/100ml. - i.e. within the range expected
for non-diabetics. It was apparent that elevations of blood glucose
greater than those induced by 18gm. preloading would be required in
order to increase the initial blood glucose levels of control subjects

to levels approximating those of the diabetic patients. Two pilot experi-

* All measures were taken in the morning following a minimum three
hour fast.



ments were therefore carried out in order to estimate the necessary

degree of glucose preloadings.

9,1 Pilot Experiment 1l: Investigation of changes in blood glucose

levels following ingestion of one of four doses of glucose

The purpose of this experiment was to elicit dose response curves
using doses of 0, 20, 30 and 40gm. glucose dissolved in 100ml. water.
Method
Subjects Four male students aged between 18 and 25 years participated
in the experiment. All were healthy by their own report. None was
diabetic.

Design A standard Latin square design was employed. This design

served to reduce the number of subjects required. The subjects A B C
and D were each tested four times, once on each of four days with one
of the four doses under study. This procedure is summarised below in

table 3.

Table 3: Summary of Latin Sguare Design

Dose: Glucose gm.

0 20 30 40
1 A B C D
2 B C D A
DAYS
3 C D A B
4 D A B8 C
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Subjects were tested in the afternoons between 1500 and 1630 hours

and on each occasion, two hours had elapsed between lunch and the ex-
perimental session. Afternoon sessions were necessary because the
clinics for diabetic outpatients were held in the afternoon and the
laboratory experiments were to be carried out at the hospital during
these clinics. The possibility of diurnal variations in blood glucose
requlation was recognised (Kanabrocki and colleaques, 1969; Aparicio
and colleaques, 1974).

Blood Samples Capilliary blood samples of O:le. were taken in the

manner described earlier in this chapter (Section 1).

Procedure The procedure was comparable with the standard procedure
employed throughout the series of laboratory experiments, and
summarised earlier in figure 2. The subjects sat quietly during the
waiting periods and either chatted or read "neutral" magazines.
Results Blood glucose levels measured 30 minutes after preloading
are described graphically in figure 3. Analysis of variance for a
Latin square design showed that there was no significant difference
between subjects in terms of their blood glucose levels after pre-
loading. The effects of dose were highly significant. The ocder in
which subjects received the drinks was not a significant factor. The
results are summarised in Table 4.

Table 4: Summary of Latin Square Analysis of Variance:
Blood Glucose Levels after Preloading

SOURCE SUM OF SOUARES DF1I VAR.EST. DF2 F P.
Subject 1654.17 3 551,39 6 4.6 n.s.
Order 166.32 3 55.44 6 0.47 ne.s.
Dose 10126.92 3 3375.64 6 28.3 o D1%x
Residual 714 .45 6 119.08
Total 12661.86 : 15




Figure 3: [Mean Blood Glucose Levels 30 minutes After

Glucose Preloading

The effect of dose on blood glucose levels was significant

(p< .D1%%)
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Discussion It can be seen that blood glucose levels at 30 minutes
increase in a simple linear fashion as a function of dose up to 30gm.
glucose preloading, producing a maximum incfease of 68mg./100m1. This
reflects a mean absolute blood glucose level of l73.3mg./100m1.

However, 40gm .glucose produced a smaller rise in blood glucose levels
(Sdmg./iﬂoml increase) than 30gm. glucose after 30 minutes. The overall
mean blood glucose level 30 minutes after 40gm. glucose preloading was
ldd.gmg./lUDml. This result was not anticipated.

The second experiment was designed to investigate dose response
curves elicited by larger doses of glucose. In addition, the possibility
of using alternative methods of glucose preloading was examined. Doses
of 30gm. and particularly 40gm. glucose in water were rather unpleasant
to drink. Lucozade was a possible alternative and its use as an agent

for glucose preloading was also considered in the second experiment.

9.2 Pilot Experiment 2: Investigation of changes in blood qlucose

levels following ingestion of one of three doses of lucozade

or glucose in solution.

Lucozade is a carbonated glucose drink commonly used in oral glucose
tolerance tests. 235ml. Lucozade containing 23.5% w/v liquid glucose
B.P.C. provides a carbohydrate load equivalent to 50gm. glucose
(Beecham, 1973).

This experiment aimed to elicit dose response curves from three
doses of 30, 40 and 50 gm. glucose dissolved in 100ml. water and from
three doses of Lucozade, 141, 188 and 235 ml. equivalent to 30, 40
and 50 gm. glucose.

Method
Subjects Six male students took part in the study. They were aged

between 19 and 26 years and all were healthy by their own report.
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Design A randomised Latin square design was used; again to reduce
the number of subjects required. The 6 subjects A,B,C,D,E and F were
each tested 6 times on each of 6 days with one of the 6 doses under

study ( 3 Lucozade (L), 3 Glucose, (G) ) as shown in table 5.

Table 5: Summary of Latin Square Design

Dose; Glucose gm.

G30 G40 G50 L30 L40 LS50

1 F D C B E A

2 C A F E B D

DAYS 3 B F E D A C
4 E C B A D F

5 D B A F C E

6 A E D C F B

Subjects were tested as before in the afternoons between 1500 and 1630
hours, 2 to 21/5 hours after lunch.

0
Blood Samples Capilliary blood samples of O.P mls were taken according

to the standard procedure (Section 1).

Procedure As in experiment 1, summarised in Figure 2.

Results The results are shown in Figure 4. Data from experiment 1

are included for comparison. Latin square analysis of variance revealed
that Subject differences in blood glucose levels were significant in
this study. There was again no effect of the order in which the drinks
were presented during the series of sessions. There were no significant
differences due to the drink. This was further analysed for the effects

of glucose versus Lucozade and for the effects of dose, 30, 40 or 50gms.



The interaction of glucose and Lucozade with dose was also considered.
No significant effects were found. The results are summarised in

Table 6.

Table 6: Summary table of Latin square analysis of variance;

Blood glucose levels 30 minutes after preloading with one of 3

doses of glucose or Lucozade.

SOURCE SUM OF SQUARES DFI  VAR.EST. DF2 F P

Subject 7885.76 5 155.15 20 2.96 0.05%

Order 736.98 5 147.40 20 0.30 n.s.

Treatment 1691.78 5 338.36 20 0.64 n.s.
A.Dose (900.03) (2) 450.02 20 0.85 n.s.
B.G/L (1.28) (1) 1.28 20 0.00 n.s.
AB.Interaction (790.47) (2) 395.24 20 0.74 ne.s.

Residual 10649.05 20 532.45

Total 20963.57 35

Discussion It can be seen from the graph (Figure 3) that 30gm. pre-
loading with glucose in water again produces higher mean blood glucose
levels after 30 minutes than 40gm. (or 50gm) glucose. However, the
difference between 30 and 40gm. was shown by a planned comparison not
to be significant (F = 1.35, df 1,30, n.s.) It is possible that the
larger doses of glucose (40 or 50qm.) stimulate greater or more rapid
insulin secretion which results in faster disposal (probably through
storage under these conditions) of the blood glucose than occurs with

smaller doses of giucose. An alternative explanation of the results



Figure 4: [PMean blood qlucose levels 30 minutes

after preloading

Differences between subjects were significant in this
study (P{ .05%) The effects of dose were not sig-
nificant. The data from experiment 1 are included

for comparison.
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Figure 5: Blood glucose changes 30 minutes

after preloading

Individual variation in blood glucose increases was significant

(P¢ .05%) with the higher doses used in this study.
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could be that glucose is absorbed up to a certain limit before insulin
secretion is stimulated. At this point any further absorption will not
result in an additional increase in blood glucose levels because such
an increase is countered by clearance of glucose from the circulation
by insulin-promoted storage or by kidney filtration into the urine.
Whatever the explanation, blood glucose levels reach a maximum of
approximately 173mqg./100ml. with 30gm. preloading and additional glucose
preloading will not generally be reflected in elevations above this
maximum. Nevertheless individuad differences are apparent and were
shown to be significant. While four of the subjects show higher blood
glucose levels with 30gm. preloading than with 40gm., two subjects

show higher blood glucose levels with 40gm. (Figure 5). It is likely
that individual variation in insulin secretion would account for

these differences. A subject effect was not observed in Experiment 1
where smaller doses of glucose were involved. This might sugpest that
subject differences were due to variability between subjects of the
(blood glucose) threshold at which insulin secretion was stimulated
rather than, or in addition to, differences in the rate or amount of
insulin secreted.

The results of the two pilot experiments suggested that 30gm.
glucose in water was the most suitable dose for preloading control
subjects in the diabetic studies. This dose provided the greatest
elevation in blood glucose levels after 30 minutes. The levels reached
approximated to those typical of the population of insulin requiring
diabetics to be studied. A larger dose of glucose would not generally
increase the blood glucose beyond this level; it would merely increase
the variability of blood glucose levels between subjects.

At this dosage (30gm) the advantage of using the more palatable



Lucozade, was outweighed by the disadvantages. Comparisons between

the present work and earlier studies would be complicated not only

by the use of larger doses of glucose but also by a gualitatively dif-
ferent preloading agent. Plans were being made by the writer to deter-
mine a suitable placebo for glucose preloading, and a control for
glucose in water posed fewer problems than a control substance for
Lucozade. 30gm. glucose dissolved in 100mls. water was therefore used
to preload one of the two control patient groups in the laboratory

study of diabetic patients.

10. Control Conditions for Glucose Preloading

In the studies by Cox (1973), Simpson (1974) and their colleagues
the subjects who were not preloaded with 18gms glucose in 100mls water
were given 100mls of water to drink. Clearly a placebo was needed
which would act both as a physiological control and also as a psycho-
logical control. The effects of glucose preloading on performance
and individual differences in mood might in part be due to the subject's
expectations of the drink. Subjects knowing that glucose was a source
of energy could reasonably deduce that it might enhance their per-
formance. Although such an effect could not explain the decrement
in performance in the quiet (80dB) condition found to occur in glucose
preloaded subjects, the use of unsweetened water as a control substance
would be a criticism of this work.

A control substance was required that would look and taste like
glucose in water while being physiologically inactive. Such a sub-
stance could not, however, be used in studies with diabetic subjects
without defeating the object by telling the diabetics that the substance
was not a sugar. Diabetics are required to control their intake of

carbohydrates very carefully and if they were asked to drink a sub-
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stance which appeared to be a concentated sugar solution, feelings of
anxiety concerning their condition might well have been aroused. In
the diabetic studies, therefore, 100ml water was used as the control
substance (c.f. Cox and colleagues, 1973; Simpson and colleagues,
19743) and all patients and their controls were informed of the nature
of their drink.

The problem of controlling for the psychological effects of glucose
preloading  was considered in a separate study of healthy subjects.
The second experiment described in Chapter 6 investigated the relative
importance of physiological and psychological factors in glucose pre-
loading. Pilot studies were carried out to determine a suitable placebo
for use in this experiment. Saccharin is knouwn to be a sweet tasting,
though physiologically inactive substance and its use as a control

for glucose preloading was considered in the following experiments.

10.1. Pilot Experiment 3: Experiment to Determine the Amount of

Saccharin in 100ml. Water that had Subjectively the Same Sweetness

as 30gm. Glucose in lWater

30gm. glucose was used as the standard comparison. It was hoped
that this dose could be used in a later study of healthy subjects when
a subjectively similar control substance would be required.
Method
Subjects 10 males from the psychology department at Nottingham
University (students, staff and technicians) took part. Ages ranged
from 18 to 56 years.
Design A psychophysical scaling method was used. A series of paired
comparisons was completed by each subject. One of each pair was the
glucose standard while the other was one of 7 concentrations of saccharin

in water. The 7 concentrations used ranged from 60mg. to 120mg. saccharin
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in water, increasing in steps of 10mg. saccharin.
Procedure Each subject was told that the experimenter wished to com-
pare two different sugars for subjective sweetness. The instructions
were as follows:-

'T will give you two sugars to taste on each trial.

Don't swallow them. Just taste the first one and

spit it out. Then rinse your mouth with water, spit

that out and then taste the second sugar. I would

like you to judge which one is sueeter'.
Whether saccharin or glucose was tasted first was determined randomly
for each of the 10 trials before the experimental session. The con-
centration of saccharin to be presented in the first comparison was
also decided randomly. Subsequent presentations of the different
saccharin concentrations depended upon the subjects! response. If
the subject indicated that the glucose solution was sweeter, a solution
of saccharin 10mg. stronger was given on the next trial. Similarly
if the subject said that the saccharin solution was sweeter, a 10mg.
less concentrated saccharin solution was given on the next trial.
If the subject reached the maximum of 120mg. saccharin the next
sample given was 60mg. saccharin. This procedure was continued for
10 trials unless the subject reached a decision after a minimum of
4 trials. A decision was judged to be made if for example the subject
said that 70mg. saccharin was suweeter than the glucose, then 60mg,
was less sweet, then 70mg. saccharin was sweeter and finally 60mg.
saccharin was again judged to be less sweet, (judgement shown in
parentheses in tables). It was then concluded that the equivalent
concentration lay between 60 and 70mg. saccharin. The session was also

terminated if all 7 concentrations of saccharin were presented and the

subject consistently judged the glucose solution to be suweeter.
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Results Four of the ten subjects consistently reported that the glucose
was sweeter than the saccharin regardless of the concentration of
saccharin. Only in 9 of the total 78 paired comparisons carried out
was saccharin judged to be sweeter than glucose. This suggests that
the solutions were not meaningfully comparable in terms of suweetness.
Four subjects judged one of the concentrations of saccharin to be
equivalent to the glucose but the concentration was different for each

subject. Table 7 summarises the responses recorded.

Table 7: Freguency of responses to 7 concentrations of saccharin

compared with a 30gm. glucose in water standard

CONCENTRATION | NO. OF RESPONSE
gELﬁ-‘F?S:ARIN PRESENTATIONS | =G 1ir5F SUEETER | SACCHARIN SUEETER| =
60 9 9 0 0
(1)

(e 11 8 3 0
80 12 - 5 "
90 14 11 2 1
100 14 12 2 0
110 11 . 8 2 ' 1
120 7 7 0 0

Statistical analysis was unnecessary. It was clear that the com-
parison of saccharin with 30gm. glucose was inappropriate.
Discussion The main problem with saccharin appeared to be that at these
concentrations there was a bitter component to the sweetness. Woodworth
and Schlosberg in 1954 considered the relationship of bitter and sweet
substances; they noted, that in some cases, bitter and sweet substances

were very similar in chemical composition. There was some reason to



believe then that the mechanism$for the perception of bitterness and
sweetness were closely related. Woodworth and Schlosberg suggested

that

'There might even be a single bitter-sweet mechanism which

if tipped one way would yield the sweet, in the other way

the bitter.!
It would appear that in certain circumstances some subjects perceived
saccharin to be sweet but more often in this pilot study, the subjects
perceived saccharin as bitter. Saccharin therefore appeared to be
unsuitable as a control substance for 30gm. of glucose. However, it
was thought that less concentrated solutions of saccharin might be

comparable in sweetness to 18gm. glucose. This experiment was repeated

with 18gm. glucose as the standard in the following study.

10.2 Pilot Experiment 4. Experiment to determine the amount of

Saccharin in 100ml. water that has subjectively the same sweetness

as 18gm. glucose in water

18 gm. glucose was the amount used to preload subjects in the
studies by Cox, Simpson and their colleaques (1973; 1974). 18gm.
glucose was the standard for comparison in the present experiment.

If this dose could be matched with saccharin it could be used in the
later study of healthy subjects when a subjectively similar control
substance would be needed (see Experiment ‘No. 9, Chapter 6).

Method

Subjects The 10 male subjects were drawn from the same population

as the subjects described in Pilot Experiment 3.

Design The design employed in the previous experiment (3) was again
used. Here 8 concentrations of saccharin were used, ranging from 10mg.
to 80mg./100ml, water.

Procedure  The procedure used in Pilot Experiment 3 was followed.
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Results In this study only one of the subjects consistently reported

that glucose was sweeter than saccharin, and 5 of the 10 subjects judged

one of the saccharin concentrations Lo be of equivalent sweetness to

the glucose standard.

The results are presented in Table 8.

Table 8: Frequency of reponses to 8 concentrations of saccharin

compared with an 18gm. glucose standard.

CONCENTRATION NO. OF PRESEN- RESPONSE
2&3??33"”” TREACHS GLUCOSE SWEETER | SACCHARIN SWEETER |

A 2 2 0

B 3 2 1

30 6 6 0

40 7 4 1

50 10 ; .

a0 10 6 3

e n 7 2

80 g 6 3

Discussion Although the results with 18gm. glucose preloading were more

promising than those with 30gm. glucose, the problem of bitterness was

not solved merely by reducing the concentration of saccharin. The other

factor which might have influenced the results of the studies was the

rate or degree of adaptation to the taste of the different substances.

There is evidence (Hahn, 1934) to suggest that adaptation is most marked

to salt, next to sweet and considerably less to sour and bitter. Hahn

showed that the difference in adaptation to the four tastes was not so

much in the speed of adaptation as in the completeness that could be
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attained; or in the maximum attainable shift of the threshold. The
resting or unadapted threshold was raised in the following proportions:
sugar 6 to 20 times: bitter 2 to 3 times. It was therefore possible that
subjects were adapting more to the sweet taste than they were to the
bitter taste as each session progressed and more comparisons were made.
In this way the sweetness of saccharin would be adapted to, more than

the bitterness; i.e. the bitter taste would come to override the sweet
taste. In order to see whether adaptation was affecting the results,
the data were re-examined in terms of the order of the trials. The
percentage number of times saccharin was judged to be sweeter than
glucose was calculated for each concentration of saccharin for the first
comparison made by each subject. This was repeated for the second, third,
fourth, fifth and sixth trials across the subjects. Where there were
missing data the mean point was calculated from the surrounding data.

The percentage number of times saccharin was judged to be sweeter than
18gm. glucose across the six trials is shown in Table 9. Table 10
presents the equivalent summary for the 7 concentrations of saccharin

compared with 30gm. glucose.

Table 9: Percentage judgements that saccharin was sweeter than

18gm. olucose

TRIAL 1 2 3 4 5 6
10 33 0 0 0 0 0
CONCEN=- 20 50 0 0 0 0 0
TRATION
30 55 40 0 0 0 0
OF
40 60 50 0 0 0 0
SACCHARIN
50 67 50 0 0 0 0
60 50 50 20 33 33 0
70 75 67 50 33 20 0
80 100 67 50 33 0 0




Figure 6: Percentage of subjects judging saccharin

to be sweeter than glucose

The results of the first trials made by each subject
are plotted for the comparison with 18gm and with 30gm.

glucose separately.
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Table 10: Percentaqe judgements that saccharin was sweeter

than 30am. glucose

TRIAL 1 2 3 4 5 6 o
60 20 33 33 0 0 0 0
70 29 50 50 20 0 0 0

CONCEN-
TRATION 80 25 50 20 50 0 0 0
OoF 90 33 50 23 8 33 25 0
saccHARIN | 10O 50 33 50 0 33 43 0
110 50 33 50 0 25 50 0
120 0 0 50 0 0 33 0

The results from the first trial with 18gm. glucose as the standard
and the first trial with 30gm. glucose are plotted in Figure 6. The
tables show that by the 6th trial with 18gm. glucose and by the 7th
trial with 30gm. glucose all the subjects judged that glucose was
sweeter. Subjects appeared to have adapted to the sweetness in the
saccharin to the extent that the taste they perceived was the bitter
taste. On the first trials, however, this was not the case. Subjects
were able to compare the two substances meaningfully in terms of sweet-
ness particularly in the case of the 18gm. glucose comparison. With
the higher concentration of saccharin used for the 30gm. glucose com-
parison, the bitterness of the saccharin was apparent even on the
first trial.

These results suggested that a further study was required where
each subject made only one comparison. If saccharin was to be used
as a placebo it would only be tasted once by each subject and the
problem of adaptation would not arise. However the results obtained

with 30gm. glucose suggested that the higher concentrations
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Figure 7: Percentage of subjects judging saccharin

to be sweeter than 18agms. glucose

The results for males and females are described separately
and combined. The difference between the sexes was not

statistically significant.
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of saccharin needed would not provide a good match for the glucose.
The following experiment investigated one-trial comparisons using

18agme. gQlucose as the standard for comparison.

10.3. Pilot Experiment 5: Experiment to determine the amount of

saccharin in 100ml. water that was subjectively equivalent to 18agm.

glucose in water; one trial per subject

18gm. olucose was used as the standard for comparison. The
previous pilot experiments 3 and 4 suggested that saccharin might
provide a suitable control substance for this concentration of glucose.
Female as well as male subjects were studied in this experiment. Studies
of sex differences in response to glucose preloading and noise were
being carried out by Cox and Mackay in the Stress Research Group at
Nottingham and it was likely that a control substance would be re-
quired for both sexes. This study provided an opportunity to inves-
tigate whether any sex differences existed in terms of pefception
of sweetness.
Method
Subjects 42 male and 42 female members of the psychology department
at Npttingham University took part in this study. Most of the subjects
were students, although some were members of the academic, research
or technical staff.
Design The paired comparison method was used. A solution of 18gm.
glucose in 100ml. water was compared with 10, 20, 30, 40, 50, 60 or
70mg. saccharin in 100ml. water. Each subject completed one trial
only; this consisted of a comparison between the glucose standard
and one of the 7 saccharin solutions randomly selected for each sub-
Jject. The order of presentation of glucose or saccharin was also

determined randomly for each subject.
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Procedure The procedure was changed slightly from that previously
used in Pilot Experiment 3 and 4. The practical purpose of the experi-
ment was to find a control substance that the subject would drink. It
was therefore considered to be more realistic to ask the subject to
swallow the solutions he was comparing. It was then certain that the
solutions would have contact with the back of the tongue and would be
assessed using all taste receptors involved in drinking the solution.

Instructions to subjects were as follows:

'Take a sip of the first substance and swallow it.
Drink some water and then take a sip of the second
substance and swallow that. I would like to know
which of the two solutions tastes suweeter.!

Results and Discussion The percentage of subjects judging saccharin

to be sweeter for each of the 7 concentrations of saccharin are pre-
sented graphically in figure 7. The graph suggests that men equate

a lower concentration of saccharin with 18gm. glucose than women.
However, Chi Square on data collapsed across doses suggests that this
trend was not significant (x2 = 1.72, d.f.= 1, p = 0.2n.s.). The
perception of bitterness did not affect the judgements except perhaps
with the highest dose of saccharin used here (70mg.). It appeared

that bitterness was only perceived at concentrations higher than 60mg.
(see also Pilot Experiments 3 and 4) or when methods entailing repeated
trials were used and adaptation to sweetness occurred.

Probit analysis (Finney, 1971) was carried out on the data which
closely approximated the ogive curve. The 50% point for males was
34.5mg. saccharin. However, the confidence intervals were large
(-52.11 to 62.25). For females the 50% point was 48.9, again the con-
fidence intervals were large. The data were combined on the grounds
that Chi Square demonstrated no significant sex difference. A 50%

point of 42.7 was estimated by probit analysis. The confidence interval
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on the combined data was considerably narrowed (30.87 to 56.53). On
the basis of these analyses the dose of 43mg. saccharin in 100ml. water
was determined as a placebo for 18gm. glucose in water. These doses
are used in the second experiment reported in Chapter 6 to investigate
the relative importance of psychological and physiological factors in

glucose preloading.

11, Life Chanae Questionnaires

The decision to employ the particular form of Life Change Ques-
tionnaire used in the studies described in Chapters 4 and 5 was made
in the light of observations and findings from two preliminary studies.
Pilot work was carried out on the "Life Events Inventory" of Cochrane
and Robertson. Cochrane and Robertson (1973) produced a revised version
of the SRE (Schedule of Recent Experience) devised by Holmes and Rahe
(e.g. 1967). Cochrane and Robertson aimed to eradicate some of the
deficiencies of the SRE.  The revised instrument was called the Life
Events Inventory and consisted of 55 items weighted by groups most
likely to have had experience of the events involved. This version
was felt to be more comprehensive and the items included were felt to
be more suited to an English sample; it was therefore chosen as the
basis for the inventory used in the present pilot work. The work was
carried out with the help of Linda Hannaford, a Nottingham psychology

student who graduated in 1975.

11.1. Pilot Experiment 6. Weighting of Life Change Inventory

Cochrane and Robertson's Inventory was revised and a correspond-
ing set of weightings was produced using a new sample of subjects

appropriate to the present studies.
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Revisions made to the original Life Events Inventory

Cochrane and Robertson divided their Inventory into items to be
considered by 'Al1', 'Ever-fMarried!, and 'Never-Married' people. Such
a division implies that marriage is an event which dramatically alters
the kind of 1life events which a person will no on to experience.
However, this may also be true for factors other than marriage. An
obvious example is employment. A considerable proportion of the
population, most of whom are women, are not employed in a job outside
the home and some have neve: been employed. Clearly lack of employ-
ment will alter the range of life events likely to be experienced.
Other factors such as education and presence or absence of close family
may well alter the kind of life events which may arise.

Rather than include further divisions in the questionnaire,
the distinction of 'Ever-Married! and 'Never-Married' was omitted
from the revised version. 48 items were included in the Life Change
Inventory as the revised questionnaire was called. A copy is included
in the Appendix.
fMethod
Subjects The Life Change Inventory along with instructions for its
completion, was distributed to acquaintances by members of the Stress
Research Group. Subjects were from a wide range of occupational back-
orounds including academics,nurses, cleaners and accountants. Both
married and single men and women took part in the study. Ages ranged
from 20 to 59 years.

Procedure  Subjects were asked to rate the events according to the
relative degrees of necessary readjustment they felt would be required
in general rather than rating them with specific personal experiences
in mind.

Following the method of Holmes and Rahe, and Cochrane and
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Robertson, marriage already possessed an arbitrary value of 50 as a
standard against which the other events were to be rated with values
ranging from 0 to 100. Thus events thought to require less readjustment
than marriage would be rated from O to 49 and those requiring more
read justment from 51 to 100, with 50 if the readjustment was thought
to be equal to that required by marriage.

However, this method of rating was soon found to be unsatisfactory.
It was logically impossible to impose two such rating restrictions at
once. UWith this method, no event could be said to require more than
tuice as much readjustment as marriage. It was therefore decided to
omit the arbitrary value of 50 for marriage and subjects were asked to
rate all events from 0 to 100 as they saw fit. The instructions were
as follows:

'Life Changes include the amount and duration of change

in one's accustomed pattern of life resulting from various

life events. Life change is a measure of the intensity

and length of time necessary to adjust to a life event,
renardless of the desirability of that event.

You are asked to rate a series of life events according
to their relative degrees of necessary readjustment.

In scoring, use all of your personal experience where

it applies as well as your knowledge of other peoples'
experience. Some people accommodate to change more
readily than others; some people adjust with particular
ease or difficulty depending on the event. Therefore
try to give your opinion on the average degree of re-

ad justment necessary for each event in general rather
than for yourself on any particular case.

You should rate each life event on a scale from 0 to 100.
0 represents absolutely no change in or effect on one's
life, while 100 represents the most drastic and long~
lasting effect imaginable. Nothing could have less
effect than 0 or more effect than 100. When considering
the value to be given to each event please take into
account both the intensity and the length of time needed
to adjust to the change. Please use your imagination
for those events that you have not experienced.'

Results The first version of the questionnaire (with 50 for marriage:
Inventory 1) was returned by 19 subjects before it was decided that

the methodology was unsound. 57 copies of the second version (without
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50 for marriage: Inventory 11) were returned complete.

Means and standard deviations were calculated for each item
on both inventories 1 and 1l. Correlations wer e made between the
two sets of means and standard deviations. The coefficient of
correlation for the means was 0.96, significant at the 1% level.
However, the positive correlation between the standard deviations
was not significant.

A multiple correlation was then carried out between the means
of inventories 1 and 11 and the corresponding item means of the Coch-
rane and Robertson inventory, (44 items were common to all three
questionnaires). There were significant positive correlations at
thedd% level between the inventories. The correlation coefficients
vere as follows:

Cochrane and Robertson Inventory x Inventory 1l: r=0.92

Cochrane and Robertson Inventory x Inventory 11: r=0.91

Discussion Correlations between the inventory means were not reduced
by the new instructions. Cochrane and Robertson do not report standard
deviations so no comparisons could be made using this measure. However,
the lack of significant correlations between the standard deviation
scores for items from Inventories 1 and 11 suggests that the new
instructions alter the range of responses. UWith these two inventories
the standard deviations ranged from 9.5 to 28.7; the mean standard
deviation for each inventory was 18.7 and 19.8 respectively.
Interestingly the largest standard deviation (28.7) was obtained

from the ratings of marriage in Inventory 1l. This suggested that
subjects varied most in their assessments of the degree of readjust-
ment required for marriage. The validity of assigning an arbitrary
value of 50 to this item was therefore doubtful. The similarity betueen

the mean scores obtained from Inventories 1 and 11 suggested that sub-
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jects might even have ignored the value of 50 assigned to marriage
when making their estimates for other items. However, the spread of
responses was clearly affected by this restriction in rating.
Although the more obvious methodological problems have been
dealt with in this pilot study, this form of the guestionnaire was
by no means considered to be a totally satisfactory measure of life
change. It was shown to be possible to achieve high correlations
between mean scale values for different life change events across
the various populations sampled. This suggested that people tend to
agree about the general significance of such events as death of spouse
or change of job. However, the personal significance of any one event
and the associated physiological and behavioural coping patterns are
likely, nevertheless to vary according to the personal characteristics
of the individual and the context in which the event occurs. Previous
experience of an event, active or passive participation in an event
and the predictability of an event are factors which may vary from
individual to individual and affect the degree of adjustment or upset
associated with an event. The SRE and similar questionnaires were
too vague in specifying the situation to be rated; the mean weighting
of an event might therefore be a quite inaccurate measure of the impact
of an individual's particular experience broadly subsumed under a
general heading such as "Trouble with people at work" or "Marriage".
One solution to this problem was suggested by Brown (1974).
He used a structured interviewing technique in order to establish
more precisely for each individual the effect of events experienced.
However, such an approach relied heavily upon the interviewer's
interpretation of the subject's reports. The type of events to be
considered were determined in advance; thus some restrictions were

still made which reduced individual variability.
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An alternative solution to the problem was sought that would
not involve lengthy interviewing procedures. If subjects were asked
to rate the events themselves, they would be able to indicate the
degree of impact that they felt had been caused by those events that
they had experienced. 1In this way, a measure of an individual's per-
sonal response to events would be gained in addition to measures of
the number and type of events. The events in the guestionnaire might
be seen as broad categories of possible events within which specific
events might be experienced. The studies reported in Chapters 4 and
5 used such an approach; subjects were asked to describe and rate
other events that had occurred which were not mentioned in the list.
The guestionnaire was not considered to be a definitive list of life

events.

11.2 The Version of Life Events Inventory Used in the Experimental

Studies

The form of questionnaire used in the studies reported in this
thesis was that version of the SRE used by Theorell (e.g. Lundberg,
Theorell and Lind, 1975). This questionnaire (see Appendix)
was similar though not identical to Inventory II. The advantage of
Theorell's approach was that he studied the degree of upset and re-
adjustment to life events separately by means of two versions of the
questionnaire. In this way it was possible to gauge more precisely
the meaning of the subjects' rating.

It was thought that diabetics might face more upset and adjust-
ment as a result of life events than non-diabetics if the control of
their condition were disturbed. O0n the other hand, diabetics might
measure upset and adjustment in terms of the control of their diabetes

rather than in terms of the broader implications of an event.
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If this were so it might be that non-diabetics would feel that life
changes demanded greater adjustment. These possibilities were inves-
tigated and the results are reported in Chapter 4. The guestionnaire
used in the present studies of diabetic, IHD and control subjects

was identical to that used by Theorell with the exception that sub-
jects were invited to add to the list, any events that had occurred
to them but were not listed. 1In this way it was felt that a more
comprehensive picture would be gained of the subjects7experience of
stressful events during the 12 month period under study.

The Inventories used in the pilot study were rated numerically
on a scale from 0 to 100. However, Theorell had used analogue scales
for the rating of items on his questionnaires. There appeared to be
no reason why the questionnaire employed in the present studies should
not conform in this respect as well. These scales have been popularised
by Joyce (1968) and Aitken (1969) who discuss their advantagesin some
detail. The questionnaires in the studies reported later in this thesis
have used 10 cm lines labelled appropriately at the extreme and centre
points. Subjects were asked to place a cross at the point which they
felt best represented the degree of upset or adjustment engendered by
each event listed. (After Theorell, 1975). In retrospect, however,
subjects were more at ease with numerical scales which they were able
to handle quite competently. When using the analogue scales, several
subjects were found to be considering their response numerically in
the first instance before translating that response into a point on
the line. This tendency was inadvertently encouraged by the presence
of labelled mid and end points on the scales. 1In addition, scoring
of the analogue scales was a time consuming procedure involving the
measurement of each line for each of the 46 items per subject. The

effort involved did not seem to be justified, when numerical scales
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appeared to be at least as adequate as the analogue scales.

The use of Theorell's guestionnaire allowed more detailed com-
parisons to be made between the present work and the Swedish studies.
The study of IHD patients reported in Chapter 5 was a replication of
Theorell's study of myocardial infarction patients with similar patients
from the British population. Unlike the diabetic study, this study did
not attempt to measure physiological changes that might be associated
with life change; it was concerned only with measuring the psychological

impact of life events on MI patients and their controls.

12. Semantic Differential Rating Scales

The Semantic Differential was devised by Osgood in 1952 as an
instrument for measurement of 'meaning'; it is described in detail
in several publications (0Osgood, 1952; Osgood and Suci, 1955; Osgood,
Suci and Tannenbaum, 1957). The purpose of the semantic differential
technique was to provide a structure for the assessment of individual
judgement of concepts on a set of bipolar adjective rating scales.
Semantic differential booklets typically consisted of several pages
containing a series of rating scales varied for sequence and left-right
position. At the top of each page would be a concept title, a word
or sentence, to be rated on each of the bi-polar scales. Subjects
recorded their judgement of a concept on each scale by placing a mark
on one of the points of each scale between the pair of adjectives.
The closer the mark was placed to one of the polar adjectives the
more applicable was the particular adjective to the concept as far as
the subject was concerned.

Most forms of the semantic differential gquestionnaire employ
scales which have an uneven number of response alternatives so that

a response placed at the centre point of a scale indicates that the



polar terms are equally inapplicable (or applicable) to the concept,
or that the subject is unable to decide. O0Osgood and his colleagues
provided seven divisions along each scale. They noted that fewer
divisions irritated respondents and more divisions were found to be
overwhelming by most subjects of average or below average intelligence
(Osgood, Suci and Tannsnbaum, 1957).

The raw data obtained with the semantic differential consist of
checkmarks made against the series of bipolar scales. A numerical
value may be attached to each response in order to treat the data
statistically. The responses of one subject to a set of scales can
be represented diagramatically by drawing a profile of these responses.

The responses of groups of subjects may be examined using factor
analytic techniques in order to reduce the number of rating scales
to a smaller number of meaningful dimensions or factors which are
important in understanding the meaning of a concept. Jenkins, Russell

and Suci (1958) produced an "Atlas of Semantic Profiles" for 360 words

using 540 student subjects. Scales were selected to sample six factors

which were thought to be important. These factors and the scales

chosen to sample them were as follows:

"Evaluation" godd-bad
kind-cruel
beautiful-ugly
successful-unsuccessful
important-unimportant
true-false
wise-foolish
timely-untimely
"Potency" hard-soft
masculine~feminine

strong-weak
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"Activity" active-passive
excitable-calm
fast-slow

"Tautness" angular-rounded
straight-curved

"Novelty" new-old
unusual-usual

"Receptivity" savoury-tasteless

colourful-colourless

This form of sampling was used to ensure that no important dimension

was overlooked. However, although the dimensions used were judged to

be important by the experimenters they were not necessarily seen to

be the most important dimensions by the subjects. One of the major

criticisms of the semantic differential technique is that subjects

are constrained to make judgements of meaning within the limits set

by the instrument. Response categories are restricted to those con-

sidered appropriate by the experimenter. [lost semantic differential

questionnaires appear to consist of scales selected in this way.

Many authors fail to report their reasons for selecting certain scales.
The semantic differential technique was used in this thesis in

an attempt to assess the meanings attributed to the concepts "upsetting"

and "adjustment". These concepts were used in the Life Change Inventory

and the populations studied differed significantly in their ratings of

events as upsetting or as requiring adjustment. The semantic differ-

ential technique was used to examine the possibility that the concepts

held different meanings for the different populations studied. The

following pilot study was carried out to elicit scales to be used in

the construction of the semantic differential questionnaire.
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12.1. Pilot Experiment 7: Construction of the Semantic

Differential Rating Scales

The items from Lundberg and Theorell's Life Change Inventory
which had been employed in the present work on Life Events, were used
to elicit dimensions important in the perception of these events. 1In
this way, it was possible to determine those terms which were considered
important by subjects judging the effects of life changes.

Method and Procedure The technique devised and used by Kelly (e.g. 1961)

to elicit 'personal constructs' for use in repertory grids was here used
to elicit bipolar adjectives for the construction of semantic differ-
ential scales.

Instructions to subjects

'You will be given three cards. O0n each card is described

an event which you may or may not have experienced. You

are asked to consider the ways in which these events would

affect you and to state the way in which two of the events

are the same while being different from the third.'

Subjects 14 subjects took part in the experiment; 7 males and 7
females. These subjects came from a variety of occupational back-
grounds. Ages ranged from 20 to 62.

The instructions were read to the subject and the first three
cards were used as a working example. The subject was then given
three more cards at random and was reminded of the instructions where
necessary. This procedure was repeated until the subject had elicited
6 dimensions. Thus 84 dimensions were obtained in all.

Results 50 different dimensions were mentioned. Many of these over-
lapped or were equivalent. Some were too specific to the particular
events concerned e.q. financial bepefit vs expense. However, 24

different dimensions were produced on the basis of the information

obtained. Nine of these dimensions were mentioned specifically by the



subjects in the pilot study e.g. good-bad, permanent-temporary,
pleasant-unpleasant. Other dimensions were elicited in a form that
was not bipolar e.g. anger-no anger, important-neutral, worrying-not
worrying. The more abstract scales used were chosen as summaries of
dimensions described by subjects in sentence form e.q. "This would
have an immediate effect while those wouldn't have much effect straight
away". could be described by the adjectives fast-slow.

The 24 scales produced were as follouws:

good-bad

relief-worry

permanent-temporary

attractive-unattractive

excitable-calm

straight-curved

tight-loose

emotional-unemotional

cheerful-miserable

pleasant-unpleasant

active-passive

angry-peaceful

important-unimportant

positive-negative

interesting-boring

settled-unsettled

puzzling-understandable

hard-soft

strong-weak

fast-slow
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timely-untimely
tense-relaxed
controllable-uncontrollable

masculine-feminine

A seven point scale was used for rating each pair of adjectives;
this had been previously shown to be the most acceptable length of
scale (Osgood, Suci and Tannenbaum, 1957). Scales were randomised
for sequence and left-right position for each of the concepts to be
judged. In addition to the two concepts 'adjustment' and 'upsetting!'
five other concepts were taken from the Atlas of Semantic Profiles
(Jenkins and colleagues, 1958) in order to compare the results of the
present studies with the results obtained from Jenkins' extensive

study of 580 subjects. The additional concepts were 'trouble', 'calm'
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'happy', 'health', and 'afraid'. The concept 'adjustment' was qualified

with the phrase 'to an event' in order to limit the understanding of
the word to the context in which a judgement of meaning was required.
The semantic differential booklet consisted of 7 sets of randomised
scales, one for each of the 7 concepts which were printed at the top
of the page. The order in which the concepts appeared in the booklet
was varied systematically.

An instruction sheet at the front of the booklet outlined the
purpose of the exercise, described the procedure and presented an

example using the concept 'frightening'. (See Appendix).

12.2. Scoring and Analysis

Completed questionnaires were scored on a scale of 1 to 7 in a
predetermined way independent of the left-right positioning on the

questionnaire. Thus a cross pdaced at the 'good' extreme of the



good-bad scale would always receive a score of 1, and at the 'bad'
extreme, a score of 7. The mean value allotted to each scale for
each concept by the different groups studied could be calculated and
semantic profiles for the 24 scales constructed for the different
populations.

Product-moment correlation coefficients were calculated for
each pair of .scale adjectives, the correlation matrix subjected to
a principal components analysis, and the significant components
rotated to the Varimax criterion. 1In this way, factors were produced
from the different groups' data, allowing examination of qualitative
differences in rating of concepts by the different populations.
Quantitative differences were examined where appropriate using
analysis of variance.

This semantic differential questionnaire was used with diabetic
subjects and their controls and with myocardial infarction and control
patients. The results of both studies were analysed 4n the manner
described above. These studies are presented and discussed in

Chapters 4 and 5 of this thesis.
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CHAPTER 3

DIABETES MELLITUS: LABORATORY STUDIES OF NOISE STRESS

1. INTRODUCTION

Chapter 1 reviewed the evidence which suggested that the regula-
tion of blood glucose levels in non diabetic subjects was affected by
the experience of stress, and that in laboratory situations, both
environmental factors and blood glucose levels could be related to
the efficiency of performance of psychomotor tasks. (Cox and
colleagues, 1373; Simpson and colleagues, 1974). In moderately stress-
ful conditions, a fall in blood glucose levels had been demonstrated
in non-diabetic subjects and evidence existed to suggest that a
similar change might occur in diabetic subjects, (Hinkle and Wolf,
1952; Véndenberg and colleagues, 1965; 1967; 196/). The decrease
in blood glucose levels observed in the diabetic subjects did not
appear to be due to increased excretion of glucose. Vandenberg and
his colleagues suggested that it was due to increased uptake of
glucose by the body cells.

It was hypothesised from the sarlier work that the diabetic's
elevated blood glucose levels would fall markedly in stressful con-
ditions and that this decrease would be associated with improved
performance.

The following experiments were designed to test these predic-
tions by examining the responses of insulin-requiring diabetic subjects
to noise stress and by comparing these responses with the responses of
non-diabetic control subjects under the same conditions.

The first experiment reported in this chapter was a single-
subject study with repeated measures. The same insulin requiring
diabetic male was repeatedly observed in noisy and quiet conditions

while working and while not working at the task.
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The second experiment was an extension of the first, but employed
a multi-subject design and compared the response of diabetic and non-
diabetic subjects. The effects of glucose preloading were examined in
non-diabetic subjects and compared with the results from the diabetic

and control subjects who were not preloaded with glucose.

2. Experiment 1l:- Single-subject Diabetic Study

This study was designed to investigate the effects of two levels
of white noise (50 and 80dB) and performance of a pursuit rotor task on
the blood glucose levels of an insulin-requiring diabetic subject. The
efficiency of performance was observed in relation to changes in blood
glucose levels.

Subject The subject (A.L.) was a 19 year old male engineering student
who required once-daily injections of 80 strength soluble insulin in
order to control his diabetic condition. During the period of the
experiment A.L. was 7 lbs overweight for his age and height. Responses
to the Maudsley Personality Inventory (Chapter 2, Section 5) showed
A.L. to be a relatively stable extravert in comparison with Eysenck's
standardisation group means.

A.L. (who was contacted through mutual acquaintances), volunteered
to participate in the study. Unlike the other subjects studied in the
author's research, A.L. was paid. It was hoped that this would ensure
his continued motivation to participate in the fairly extensive series

of trials involved.

2,1, Method
The task was the pursuit rotor task described in Section 8 of the
Methodology Chapter (Chapter 2).

During each trial 50 or 80dB white noise was presented through

headphones in the manner described in Chapter 2, Section 7.
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The two independent variables studied, noise and task, were
examined using a factorial design involving 4 experimental conditions

as shown in table 11l.

Table 11: Summary of experimental design

Noise Level dB
50 80

Task =5

No Task

Blood samples of 0.05ml. were taken before and after the task
period. The sampling technique and analytical procedure are described
in Section 1, Chapter 2.

Time on target and Deviations were recorded as the performance
measures (Section 2, Chapter 2).

Testing was carried out in the afternoons between 2 and 21/5 hours
after lunch.

Procedure A preliminary blood sample was taken. A.L. was then shown
to the test cubicle and presented with, or reminded of, the instructions
(Section 8, Chapter 2). Head phones presenting 50 or 80 dB white noise
were put on. He then either performed the task for 15 minutes or he
merely sat at the apparatus without working for 15 minutes. The order
of the experimental conditions was randomised within the blocks of the
four conditions. At the end of the 15 minute session a second blood
aamplé was taken.

The first four sessions were used to familiarise A.L. with the
experimental situation and to reduce practice effects which, it was

thought, might contaminate the data. During these four sessions A.L.
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worked at the task wearing the headphones which presented 50dB white
noise. The following 20 sessions consisted of the 4 experimental

conditions. The results from these 20 sessions were analysed.

2.2. Results and Discussion

During the 4 adaptation sessions with 50dB noise, time on target
consistently improved across the 4 sessions from 12.85 minutes to
14.07 minutes on target (from a possible total of 15 minutes). Deviation
scores correspondingly decreased from 1145 to 163 deviations from the
light. It would appear that practice at the task considerably improved
performance.

During the adaptation sessions blood glucose levels consistently
fell during the 15 minutes of task performance. The mean decrease was
31.65 mg./100ml.

Observations of the results from the 20 experimental trials,
however, showed a greater fall in blood glucose levels during the
'"No Task' conditions. Mean blood glucose in the Task conditions showed
slight increases in blood glucose across the task period. These effects
of the task (figure 8) were not shown to be statistically significant by
analysis of variance (F=1.61, df 1,16, n.s.). -

When the effect of noise on performance measures was tested with
one way analysis of variance, there was no evidence of a difference due
to the level of noise. However, the low F values(F=0.95 for deviations
and 0.16 for time on target) suggested that other factors might be
influencing the results. Two way analysis of variance was carried out
to examine both the effects of noise and the order of the trials.

Scores from the first two trials with 50dB and with 80dB noise were
compared with the scores from the last two trials for each noise level.

The order of trials was shown to have a significant effect on time on
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Figure 8: The Effects of Noise Level and

Task Performance on the Change in Blood Glucose Levels

The effects of the different experimental conditions were

not statistically significant.
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target scores. The effect of trial order on deviation scores just missed
significance. Tables 12 and 13 summarise the analysis of variance

results.

Table 12: Summary of Analysis of Variance of Time on Target Scores

SOURCE SUM OF SQUARES DFI  VAR.EST. F DF2 P

A Order 0.27°38 1 0.2738 9.361 4 0.03768#*
B Noise 0.0648 1 0.0648 2,215 4 0.21089

AB 0.0648 1 0.0648 2.216 4 0.21085

Within 0.1170 4 0.0292

Total 0.5204 7

Table 13: Summary of Analysis of Variance of Deviation Scores

SOURCE SUM OF SQUARES DFI  VAR.EST. F DF2 P

A Order 24976.1250 1 24976.1250 6.616 4 0.06183
B Noise 5253.1251 1 5253.1251 1.392 4 0.30350
AB 17391.1251 1l 17391.1251 4.607 4 0.09838
Uithin 15099.5001 4 3774.8750

Total 62719.8753 7

There was some indication of an interaction between the effects
of order of trials and noise. Performance improvement with practice
was most apparent in the noisy (80dB) condition (see figures 9 and 10).
There was less effect of trial order on performance in the quiet (50dB)
condition. It seemed that practice tended to reduce the detrimental

effect of 80dB noise on performance which was apparent during the earlier



Figure 9: The Effects of Noise and the Order

of Trials on Time on Target Scores

The order of the trials significantly affected time on
target scores (p=0.03768*). Time on target scores
tended to be impaired by 80dB noise during the first
trials but not during the last trials but this result

did not reach statistical significance.
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Figure 10: The Effects of Noise and the Order of

Trials on the Number of Deviations Scored

Both order effects (p=0.06183) and the interaction
between trial order and noise level (p=0.09838)

approached significance.
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experimental trials. A high degree of proficiency was achieved during
the adaptation sessions which was little improved by additional practice
in the quiet condition.

It should be noted, however, that the adaptation trials consisted
of 4 quiet conditions. The impairment of performance that occurred
during the first two 80dB sessions compared with the later sessions and
with the quiet conditions may have been due to the change in the situation
rather than to the specific noise level. Such an impairment might have
occurred with the 50dB experimental sessions if the adaptation sessions
had employed 80dB noise. Overton (1966) observed, in animal studies,
that decrements in performance might arise initially because of change
per se in the experimental condition regardless of the nature of the
changse.

'If an animal is trained while some particular chemical

condition (drug state) prevails and is then subsequently

tested while in a different drug state, a response decre-

ment is frequently observed. Such decrements may appear

when the change between the training and test sessions is

(a) from the nondrug state to the drug state, (b) from a

drug to the nondrug state, or (c) from one drug state to

another drug state. They are caused by state change, and

can be distinguished from response decrements produced by

the usually disruptive effects of drugs on behaviour when
appropriate experimental procedures are employed".

It is possible that the impairment of performance in the present study
was due to such a state change rather than to the specific effects of
80dB noise. It may not be concluded from these data that the initial
impairment with 80dB was a result of the higher noise level. It is
clear, however, that the effects of practice on performance scores
extended beyond the adaptation sessions and continued to influence
the data throughout the experimental sessions.

There were no significant effects of noise on the change in blood
glucose levels. Blood glucose levels decreased during the task period

with 50dB noise (mean BS2-1 = -10.7mg/100m1.) and with 80dB noise
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(mean BS2-1 =-18.84mg/100m1.). The slight differences in degree of
fall was not statistically significant (F=0.006, df 1, 16, n.s). When
time on target scores were correlated with changes in blood glucose
levels there was some indication, though this was not statistically
significaﬁt, that higher performance levels were associated with de-
creases in blood glucose levels in the noisy condition (r=-07301, N=5)
but this was not the case in the quiet condition (r=0.3199, N=5). The
number of trials was too small for these results to be reliable.

There was rather more evidence of an effect of task on blood
glucose changes. UWhile blood glucose levels tended to decrease during
the 'No Task' sessions, increases in blood glucose levels were more
often found when A.L. was working at the task. However, variability
in response was high and blood glucose change was not shown to be
significantly affected by the task/no task factor (F=1.61, df 1,16, n.s.).

There was extreme variability in A.L.'s absolute blood glucose
levels which ranged from 49mg/100m1. to 455mg./100m1. He worked irregular
hours, and the timing of the morning insulin injection varied considerably.
Little attempt was made by A.L. to regularise his meal times and control
carbohydrate intake, particularly in the form of alcohol. A.L. was a
sociable, friendly character (scoring 31 on the Extraversion scale of
the M.P.I.) and he was loath to restrict his social activities which
conflicted with adequate control of his diabetes. The variability of
his blood glucose levels which resulted from his erratic treatment
regime might well have obscured any pattern of smaller blood glucose
changes due to the experimental variables studied.

In this study, no attempt was made to estimats the subject's
experience of the experimental situation. There was thus no way of
assessing the degree of stress, if any, arising from the 4 experimental

conditions.
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2.,3. Conclusions

No significant effects of noise on task performance or blood
glucose levels were found in this study. Nor were there any significant
effects of the task on changes in blood glucose levels.

Performance measures were significantly related to previous task
experience but were not significantly affected by the level of noise.
Any initial impairment due to noise was soon reduced by practice.

The following experiment reduced the practice effect and eliminated
the possibility of state change affecting the results with a multi-
subject design which investigated the effect of noise on one trial task
acquisition rather than on performance of a well learned task.

Blood glucose levels wers extremely variable in this present
study and little effect of the experimental conditions could be seen.
The second experiment investigated a sample of diabetic out-patients
who led more routine lives and attended the out-patient clinic regularly
for check-ups. It was hoped that within subject variability of blood
glucose levels would be smaller in auch a sample which was probably more

typical of the diabetic population as a whole.

3. Experiment 2: Multi-subject Laboratory Study of Diabetic and

Control Patients

This study compared measures of performance, blood glucose,
personality and subjective experience obtained from diabetic and non-
diabetic outpatients under different conditions of noise, task and

glucose preloading using a multi-factorial design.

3.1. Method
Subjects 32 insulin-requiring diabetic males aged between 17 and 78

years formed the diabetic sample. These subjects were outpatients at
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the Nottingham City Hospital and were invited by letter to participate
in the study during their next routine visit to the clinic. 1Initial
approaches were made by the consultant physician Dr. J. M. Macfie, who
was personally acquainted with the patients. 64 non-diabetic male sub-
jects ranging in age from 17 to 81 years were selected by consultants
from general medical and surgical outpatient departments. These sub-
jects manifested disorders unrelated to diabetes, such as varicose veins
or asthma, or were returning for post-operational check-ups for such
conditions as duodenal ulcer. None of the sample was known to have
experienced any symptoms of ischaemic heart disease. A smaller prop-
ortion of the non-diabetic group was formed by other members of the
hospital mpulation such as the staff and visitors to the hospital.

The main considération in the selection of the control group, in
addition to the elimination of diabetes-related disorders, was to match
this pppulation with the diabetic population broadly in terms of age,
sex and socio-economic status.

All subjects were tested during the course of the outpatient
clinics which were held in the afternoons between 1400 and 1700 hours.
Design A factorial design was used to investigate the effects of noise
(white noise at 80 or 50dB, see Chapter 2, Section 7) and task (task
or no task, Chapter 2, Section 8) in diabetic and non-diabetic subjects.

The effects of glucose preloading were also examined in the case
of the non-diabetic subjects. Half of the non-diabetic subjects were
preloaded with 30gm. glucose in 100ml. water, (Chapter 2, Section 9).
The remaining 32 non-diabetic controls and the 32 diabetic subjects
were given 100ml. water only.

The experimental design is summarised below in Table 14.
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Table 14: Summary of Experimental Design

DIABETICS GLUCOSE NO GLUCOSE
CONTROLS CONTROLS
NOISE LEVEL S0 80 50 80 50 80
dBA
TASK N=8
NO TASK

The dependent variables examined were as follows:-
a) Blood glucose levels (Chapter 2, Section 1)

b) Performance measures; Time on Target and Deviations
(Chapter 2, Section 2)

c) Extraversion and Neuroticism (Chapter 2, Section 5).

d) Time estimation and Subjective view of stress (Chapter 2,
Section 6).

1t was hypothesised from the findings of Cox and colleagues (1973)

and Simpson and colleagues (1974) that glucose preloaded controls would
perform more efficiently than the no glucose controls in the 80dB noisy
conditions but less efficiently in the 50dB quist conditions. It was
also hypothesised that marked decreases in the elevated blood glucose
levels of the preloaded controls would be found in the 80dB noisy con-
ditions.

From the work of Hinkle and Wolf (1952) and Vandenberg and his
colleagues (1965; 1967; 1967% it was hypothesised that diabetic subjects
would show decreases in blood glucose levels in the noisy conditions.
Thus diabetic subjects might show similar blood glucose responses to
those expected to occur in the glucose preloaded controls. It was

reasoned that this hypothesised fall in blood glucose levels in the
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noisy conditions might be associated with improved performance efficiency
in diabetic as well as the preloaded control subjects. Simpson, Cox and
Rothschild (1974) found no such fall in blood glucose levels with pre-
loaded controls at 50dB and performance was impaired. It was thought

that this pattern of response might also be shown by the diabetic subjects.
Procedurse The general purpose of the research was explained to the
subjects and the procedure involved was briefly described. It was
emphasised that the patient-subjects were taking part in the experiment

on a voluntary basis and that the experiment had no connection with their
programme of treatment.

A blood sample was taken from the subject according to the procedure
described in Section 1 of Chapter 2. The subject was then asked to drink
either 100ml. water (diabetic and 'no glucose' control groups) or 30gm.
glucose in 100ml. water (glucose preloaded nan-diabetic group).

The subject then sat quietly for 30 minutes completing the question-
naires (information sheet and MPI; see Chapter 2) after which time a
second blood sample was taken. He was then exposed to one of the tuwo
noise levels for 15 minutes (50 or 80dB white noise). During this time
some subjects performed the tracking task; the others sat quietly by
the task. The third blood sample was taken immediately after the 15
minute test period. Finally the short questionnaire on the subject's

experience of the test period was completed (Chapter 2, Section 6).

3.2. Results

The results were analysed using multiple correlation techniques
and analysis of variance. These results are considered separately for
each sample group studied before being compared and discussed.
Diabetics

Analysis of variance showed that there was a significant effect
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of noise on the change in blood glucose during the task period.
Whether or not the subjects performed the task appeared to have no

effect on blood glucose changes. (See Table 15).

Table 15: Summary of Analysis of Variance of Blood Glucose Changes

SOURCE SUM OF SQUARES DFI VAR.EST. F DF2 P

A Task 652.5079 1 652.5079 0.815 28 NeSe

B Noise 3764.9503 1 3764.9503 4.701 28 0.03879*
AB 228.4453 1 228.4453 0.285

within 22423.0890 28 800.8246

Total 27068.9927 31

Contrary to expectations, the quiet (50dB) condition was
associated with a decrease in blood glucose levels while there was
little overall change in blood glucose with the noisy condition
(figure 11). Blood glucose levels were not significantly affected
by the task factor.

There was no apparent effect of noise on performance measures
(ToTs F=0.116, df 1,14, n.s. DEV: F=0.224, df 1,14, n.s.).
Correlations between performance measures and blood glucose changes
were not significant.

The variability of blood glucose lesvels was much greater than
expected among the diabetic population studied. Initial values ranged
from 72.2 to 627.6mg./100ml. The standard deviation of the initial
blood samples for the 32 diabetics was 112.3 compared with 21.7 for
the non-diabetic controls.

It was thought to be unlikely that a single pattern of response
in terms of blood glucose and performance would apply throughout such

a variable sample. Post hoc analyses were carried out on the data with
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Figure 11: The Effects of Noise and Task on the Change

in Blood Glucose Levels of Diabetic Subjects

The decrease in blood glucose levels was greater in the quiet

condition (p=0.03879*). There was no significant effect of task.
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the diabetic sample subdivided into two groups: (1) Those with initial
blood glucose levels which exceeded the normal renal threshold of
180mg./100ml. (high glucose diabetics), (2) Those with initial blood
glucose levels below this threshold (low glucose diabetics). Although
lBUmg./lDDml. represents the average normal renal threshold, the threshold
is considerably more variable among diabetics. However, this figure

is used as a guide line by many physicians in judging the adequacy of
control in their diabetic patients and it therefore provided a sensible
cut off point for dividing the well controlled diabetics from the poorly
controlled diabetics. An additional 8 diabetic subjects took part in
the experiment increasing the sample size to 40: 24 high glucose dia-
betics and 16 low glucose diabetics.

Post hoc analysis of diabetic results. Noise was again shown to have

a significant effect on blood glucose change. In addition the high and
low glucose diabetics were shown to have significantly different blood

glucose responses to noise (Table 16, figure 12).

Table 16: Summary of Analysis of Variance of Blood Glucose Change

SOURCE SUM OF SQUARES  DFI VAR EST. F P

A NOISE 4208.1589 1 4208.1589 5,200 0.02938%
B TASK 6.1678 1 6.1678 0.008 Nes.

C INITIAL BGL 497.4907 1 497.4907 0.615  n.s.

AB 222.8760 1 222,8760 0.275 n.s.

AC 3334.7445 1 3334.7445 4.121  0.05073%
BC 365.7799 1 365.7799  0.452 NeSe
ABC 1691.4185 1 1691.4185 2.090 0.15796
WITHIN 25893,9872 32 809.1871

TOTAL 36220.6236 39

Separate analyses were carried out for each of the two diabetic groups.



Figure 12: The Effects of Noise on the Change in Blood

Glucose Level of Diabetics with High or Low Initial

Blood Glucose Levels

The interaction between noise and the initial level of blood

glucose was signif