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Whether an individual's state of mind can influence the 

body's immune system has been studied for several decades. 

Historical notions of a homeostatic, self-contained, and 

self-monitored system have been discarded. Studies have 

explored conditioning effects and cognitive behavioral methods 

to affect the immune response. This study is based on the 

assumption that relaxation imagery can be used as an endog-

enous means to produce specific physiological change in the 

immune function. Subjects were instructed to make a direc-

tional change in the absolute number of peripheral lymphocytes 

using relaxation imagery. 

It was hypothesized that a directional change could be 

demonstrated in two hours. Further, that there would be a 

correlation between the directional changes produced and 

scores on the Internal Scale of the Health Attribution Test 

and ratings of the imagery drawings. 

Two experimental groups and one control group (total 

n = 28) were taught relaxation skills to criterion electro-

myograph and temperature biofeedback levels. Then both groups 

of experimental subjects were taught relaxation imagery. 



One group was instructed to increase the absolute number of 

lymphocytes by imagery; the second, to decrease it. The 

Control Group was taught relaxation imagery as a means of 

deepening the relaxation response. 

Pre and post blood samples were drawn prior to treatment, 

following relaxation training, and following imagery training. 

Blood sampling was stringently controlled to minimize the 

variances in white cell count. 

Lymphocyte Change Scores at the three trials are analyzed 

by repeated measures and one-way ANOVA. No significant dif-

ferences (£ > .05) are demonstrated between the groups in 

lymphocytes across trials. There is a general sessions effect 

which does not reach significance. The hypothesis that relax-

ation imagery can be used to produce a specified directional 

change in the number of peripheral lymphocytes in two hours 

is not supported. Hypotheses regarding correlations between 

Lymphocyte Change Scores and imagery ratings and Internal 

Scale HAT scores are generally not supported. Recommendations 

for further research are given. 
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RELAXATION IMAGERY TO FACILITATE ENDOGENOUS CONTROL 

OF LYMPHOCYTIC FUNCTION IN HUMANS 

Whether an individual's state of mind can influence the 

body's immune system has been studied for several decades. 

Over 20 years ago researchers observed that certain hypnotic 

subjects, trained to respond with deep somnolence to hypnotic 

suggestion, could receive signals that influenced the immune 

responses to simple protein antigens to which they had been 

made allergic (Good, 1981). Clinical and laboratory immunol-

ogists have observed many such interactions between brain, 

mind, endocrinological functions, and immunological activity. 

Recent results confirm that different psychological states 

and central nervous system stimulation can influence the 

immune system (Rogers, Dubey, & Reich, 1979). 

Historically the prevailing view of the immune system 

was that it represented a homeostatic, self-contained and 

self-monitored system. Such an assumption is no longer main-

tained. It is believed, rather, that like most other body 

systems, the immune system is subject to complex regulation 

and modulation by a variety of endogenous and exogenous 

processes. Endogenous immunoregulation occurs at many levels, 

such as genetic, cellular, hormonal, and neuronal. It also 

involves many other body systems, including the nervous and 

endocrine systems (Borysenko & Borysenko, 1982). It has 

been widely known for a long time that both mental states and 



stressful experiences can alter the hormonal milieu of 

the body and that this, in turn, can influence the numbers 

of lymphocytes and their response to antigens, phytomitogens, 

or allogenic cells (Good, 1981). The question of precisely 

how these interactions work is currently the object of intense 

research. 

This research is particularly relevant to the health care 

delivery systems of the 1980's. The major killers of the 

early 1900's have been essentially conquered. Cures have 

been found for most disorders or diseases that are caused 

by a single overwhelmingly obvious cause, such as the many 

infectious diseases. In their place, cardiovascular diseases 

and cancer have emerged as the two chief sources of mortality 

for adults, in addition to a great number of other chronic 

diseases that have to be managed rather than cured (Blanchard, 

1982). Disease of the human body can be considered as any 

persistant, harmful disturbance of the body's equilibrium. 

There is a formidable list of chronic ailments in which many 

factors contribute to a disturbance of normal homeostasis. 

Examples include cancer, cardiovascular disease, and auto-

immune syndromes (Cunningham, 1981). Three highly complex 

body systems are concerned with the regulation and main-

tenance of this equilibrium: the nervous, endocrine, and 

immune systems. The immune system, like all other physio-

logical systems functioning in the interests of homeostasis, 

is integrated with other psychophysiological processes, 



and, is subject to regulation or modulation by the central 

nervous system (Good, 1981). 

A Review of the literature yielded supportive evidence 

that relaxation imagery may have an effect on the function 

of lymphocytes in the immune system. The areas of research 

examined include immunophysiology, neuroimmunoregulation, 

neuroendocrine influences, conditioned immune responses, 

psychosocial and stress influences on disease and immunity, 

and the use of cognitive/behavioral techniques to produce 

physiological change. Following the literature review will be 

a brief discussion on the nature and function of lymphocytes. 

Immunophys iology 

Immunophysiology is a scientific field that has developed 

in the last several years. The object is to study the organ-

ization and regulation of immunologic processes within the 

whole organism. Both immunological and physiological tech-

niques of analysis are used in an effort to analyze, under-

stand, and predict the course of reactions of the whole 

organism, and its parts to an antigenic stimulus. Korneva 

(Spector & Korneva, 1981) reports that studies are proceeding 

from a recognition that the genetic potencies of the lymphoid 

cells in the whole organism are subject to correction by 

neurohumoral mechanisms. Thus, there are nonspecific regula-

tory components of specific immune processes. 

The immune system has a fundamental and critical role in 

the maintenance of homeostasis and health. It is a complex 



recognition system that possesses an enormous repertoire of 

perhaps 10® - 10? specificities. In humans it consists of 

about 10^-2 3 lymphocytes and l O ^ t lymphocytes (Besedovsky 

& Sarkin, 1981). These two major populations of lymphocytes, 

along with several subpopulations, constitute the body's 

defenses against invading organisms or toxins that could 

damage the tissues and organs. T lymphocytes are responsible 

for forming the sensitized lymphocytes that provide cellular 

immunity and B lymphocytes are responsible for forming the 

antibodies that provide humoral immunity. Cellular immunity 

is activated by the more slowly-developing bacterial diseases 

such as tuberculosis and brucellosis. T lymphocytes are also 

very active against cancer cells, cells of transplanted organs, 

fungus organisms, and some viruses. Some of the T lymphocyte 

subpopulation cells exert immunoregulatory functions. The 

humoral antibody immune mechanism is particulary effective 

against more acute bacterial diseases (Guyton, 1976). 

Like other peripheral visceral organs, the immune system 

possesses considerable autoregulation. This does not by 

itself ensure optimal development of immunogenesis in the 

whole organism. Research has demonstrated that the intensity 

of immunologic reactions (production of antibodies, skin 

reaction of the delayed type, anaphylactic shock, etc.) 

depends upon the action of neurohumoral factors. Researchers 

have repeatedly reported that the intensity of the process of 

immunogenesis is affected by actions of the thymus, thyroid 



gland, adrenal glands, pituitary body, and some parts of the 

brain. It appears that the actions of the hypothalamus and 

limbic system are the most effective of the central nervous 

system elements (Spector & Korneva, 1981). 

Maintenance of the immune homeostasis is believed to be 

ensured by the combined action of the thymus and the bone 

marrow. Stem cells from the bone marrow migrate into the 

thymus and then either into the Fabricius bursa analogue or 

directly into the peripheral lymphoid organs, the spleen and 

lymph nodes. The thymus is involved in the maturation of T 

lymphocytes, while the Fabricius bursa and possibly the bone 

marrow itself, are involved in production of B lymphocytes. 

Within the peripheral lymphoid organs and in the presence of 

macrophages, the T and B lymphocytes cooperate to produce 

antibodies. Among the B cells are subpopulations producing 

various kinds of globulin. Among the T cells are further 

subpopulations including T effectors or T killers, T helpers, 

and T suppressors. T killers carry antigen-binding surface 

structures; T helpers assist in the work of B cells; and T 

suppressors hinder the activity of antibody-forming cells. 

All the organs of the immune system are provided with 

sympathetic and parasympathetic innervation. Hormones are 

also delivered by the blood supply which exert an influence 

on their functions based, in part, on the rate of migration 

of bone marrow and thymus cells (Spector & Korneva, 1981). 

Lymphocytes have surface receptors to neurotransmitters. 



Epinephrine and norepinephrine do not penetrate the cell 

membrane, but act upon the adrenoreceptor and through adenyl-

cyclase and cAMP, on the metabolism of the cell, changing 

its functional state (Spector & Korneva, 1981). Acetylcholine 

acts through cholinoreceptors and on the metabolism of the 

cell through cGMP (Bourne et al., 1974; Gordon et. al., 1978; 

Hadden et al., 1975). This evidence suggests that lymphocytes 

can absorb neurotransmitters delivered to lymphoid cells via 

nerve trunks and endings. 

There appear to be three areas in the brain whose action 

affects the course of the immune response. These are the 

hypothalamus, hippocampus, and the reticular formation of 

the midbrain. Injury, lesion, or stimulation of these areas 

has been shown to reduce or enhance the immune responses 

(Spector & Korneva, 1981). 

Korneva (1981) proposes a schematic representation of a 

hierarchical system of regulation of immune homeostasis. 

The system is composed of the central nervous system, other 

biologically active substances, bone marrow, thymus, spleen, 

lymph nodes, and lymphoid cells. According to this proposed 

model, the central nervous system has direct regulatory path-

ways to all inferior levels, which in turn each influence those 

levels further down the chain. Research data suggest that, 

in evolutionary highly developed animals, there is a system 

of neurohumoral modulation of the immune response to an antigen, 

This is a complex and hierarchical regulating system. 



Neuroimmunoregulation 

The best understood mechanism by which the brain can 

influence immune function involves hormones that are under 

the control of the hypothalamic-pituitary axis. These include 

the gonadal steroids, thyroid hormones, and adrenal cortical 

hormones. These are under hypothalamic regulatory control 

Because hypothalamic activity is in turn influenced by neural 

impulses from the visceral brain, by environmental stimuli, 

and by circadian rhythms, any of the pituitary secretions 

is potentially capable of being influenced by stress and 

affective state (MacLean & Reichlin, 1981). 

Another proposed means of immunomodulation by the brain 

is through the direct secretion of brain peptides into the 

general circulation. These include vasopressin, oxytocin, 

and neurophysin. These are all synthesized in the hypo-

thalamus, stored in the neural lobe of the hypophysis, and 

released into the general circulation under the influence of 

neural signals. Melatonin, another neurosecretion that is 

derived from neural tissue and under the control of the brain, 

is secreted by the pineal gland. It, too, could affect the 

immune process (MacLean & Reichlin, 1981). 

The autonomic and peripheral nervous systems provide two 

additional potential mechanisms of neuroimmunomodulation. 

Both acetycholine and noradrenalin neurotransmitters are 

secreted, along with a variety of neuroregulatory peptides, 

including somatostatin and vasoactive intestinal peptide. 
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The autonomic nervous system and the sensory afferent system 

therefore provide nerve networks capable of modifying the 

peripheral cellular milieu (MacLean & Reichlin, 1981). 

A fifth physiological mechanism by which the brain could 

modulate the immune response is indirectly through changes 

in behavior and autonomic regulation that are closely linked 

to neuroendocrine mechanisms. MacLean and Reichlin (1981) 

suggest that these might include changes in nutritional state 

brought about by altered feeding behavior, either elevated or 

depressed body temperature, abnormal sleep-wake cycles, altered 

circadian rhythms, major modifications in the distribution of 

vascular volumes, and modifications of the local vascular 

reactions. 

Conditioning Effects 

Experiments on conditioning are another approach to the 

study of the central nervous system processes involved in 

the regulation of immune responses. Literature dating back 

to the 1920's in Russia documents the conditioning of non-

specific and immunologically specific immune reactions. 

Despite methodological flaws, the data suggest that a variety 

of immunobiologic responses are subject to the influence of 

conditioning effects (Ader, 1981). 

More recently, Ader and Cohen (1975) used an illness-

induced taste aversion conditioning paradigm to demonstrate 

that the immunosuppressive effect of a pharmacologic agent 

could be conditioned. Consumption of a novel, distinctively 



flavored drinking solution, saccharin, was paired with an 

injection of an immunosuppressive drug, cyclophosphamide, in 

experimental rats. When subsequently injected with sheep 

erythrocytes, conditioned animals that were reexposed to the 

saccharin drinking solution demonstrated an attenuated anti-

body response. No such attenuation of antibody titer was 

found in the nonconditioned animals or in conditioned animals 

that were not reexposed to the saccharin drinking solution. 

These results were interpreted to demonstrate a conditioned 

immunosuppressive response in the experimental group. 

These original observations have since been replicated a 

number of times under a variety of experimental conditions 

(Bouvjerg, Cohen, & Ader, 1980; Cohen, Ader, Green, & Bouvjerg, 

1979; Rogers, Reich, Stron, & Carpenter, 1976). Results of 

these and additional studies do not support the hypothesis 

of an adrenocortical mediation of conditioned immunosuppression 

(Ader, 1981; Borysenko & Borysenko, 1982). Crucial issues 

regarding the precise mechanisms and nature of conditioned 

immunosuppresion remain unresolved. Ader concludes that 

" in a field that already recognizes the potential of 

opsychophysiological interactions in determining disease 

susceptibility, the conditioning of immune processes suggests 

a mechanism that may be involved in the complex pathogenesis 

of psychosomatic phenomena and bears eloquent witness to the 

principle of a very basic integration of biologic and 

psychological function" (1981, p. 316). 
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Influence of Psychosocial and Behavioral Events on Disease 

and Immunity 

The suggestion that psychological factors precipitate or 

cause disease has been around for centuries. In the 1950's 

several diseases were identified as being related to psych-

ological factors and thus labeled "psychosomatic". These 

were peptic ulcer, ulcerative colitis, hyperthyroidism, 

rheumatoid arthritis, essential hypertension, and bronchial 

asthma (Alexander, 1950). The literature of the last two 

decades is rich in research documenting the impact of a 

variety of experimental and natural stressors on disease 

(Cassel, 1974; Friedman & Glasgow, 1966; Greenfield et al., 

1959; Jacobs et al., 1969; Kasl et al., 1979; Kimball, 1971; 

Plant, 1975; Sutton, 1965; Weiner, 1971). 

In recent years the most rapidly advancing area of med-

icine has been immunology and the relationship of psychosocial 

and behavioral events on the immune system. The psychosocial 

aspects of cancer are reviewed by Riley and Spackman (1981) 

and by Fox (1981). Autoimmune diseases are discussed by 

Solomon (1981). 

The neuroendocrine sequelae of stress is described by 

Borysenko and Borysenko (1982) as being a basic core of 

integrated endocrinological changes initiated in the hypo-

thalamus, and, for emotional stimuli, arising from cortical 

and limbic system processing. The hypothalamus is thought 

to initiate pituitary release of several neuropeptides which 
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subsequently affect the release of corticoid steroids and 

hormones from the adrenal cortex. The hypothalamus also is 

thought to affect directly the release of catecholamines 

and hormones from the adrenal medulla. Changes in immune 

functioning have been demonstrated in relationship to the 

following stressors: space flight and recovery (Fischer, 

Daniels, & Levin, 1972; Kimzey, 1975), sleep deprivation and 

noise, (Palmblad, Cantell, & Strandler, 1975; Palmblad, 

Petrini, & Wasserman, 1975), life change stress (Cohen-Cole, 

Cogen, Stenens, & Kirk, 1981; Green, Betts, & Ochtill, 1978; 

Locke & Heisel, 1977; McClelland, Locke, & Williams, 1980; 

Roessler, Cate, & Lester, 1979), academic stress (Jemmott, 

Borysenko, & Borysenko, 1981; Kasl, Evans, & Neiderman, 

1979) examination stress (Dorian, Keystone, & Garfunkel, 

1981), and bereavement (Schleifer, Keller, McKegney, & Stein, 

1980; Bartrop, Lockhurst, & Lazarus, 1977). 

Conceptualizing Interactions Between Mind (Brain) and 

Immune System 

Cunningham (1981) points out that with multi-level organ-

ized entities like the body, properties "emerge" at higher 

levels of organization than could be predicted solely by 

analysis of lower level parts. Taking an interactionist, 

philosophical position, mind can be considered an emergent 

property of the brain. Thus the whole human organism can be 

considered an open system in dynamic relationship with the 

environment. Ultimately, an overall theory connecting social, 
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psychological, and somatic events is needed. 

There are many similarities between the immune and nervous 

systems and Cunningham identifies several. An individual must 

adapt to his/her environment, and two of the most sophis-

ticated types of adaptation are the development of immune 

and mental memory. Both involve the transfer or exchange 

of energy and information between environment and organism. 

Both receive information from outside and inside the body 

and encode it. In the brain, information is coded in very 

specific patterns of neuronal firing; in the immune system, 

by amplification of specific molecules. Both systems are 

primarily concerned with information processing rather than 

with energy exchange. Both are concerned with the adaptive 

responses to unexpected or unpredictable environmental stimuli. 

During development, both immune and nervous systems are guided 

by genetics but also strongly influenced by the cellular 

environment. Both systems demonstrate memory and tolerance 

or habituation. Noting these similarities between immune 

and psychological reactions to environmental and internal 

information helps dramatize how two different stimuli (one 

visual and the other an antigen) could produce the same kind 

of asthmatic attack. 

Cunningham further proposes some of the levels through 

which an environmental stimulus, perceived by the mind, may 

affect events in the body and eventually health and behavior. 

These are represented in Figure 1. 
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Expectations 

1) 2) 4) 5) 
Environ- Perception Initial Neuroendocrine 
mental 

— > 

reaction 
—> 

reaction, e.g. 
stimulus — > e.g. in 

Hypothal-
amus 

—> ACTH release 

6 ) 
Final hormonal 
reaction, e.g. 
corticosteroids 

10) 
Behavior 

9) 
Effects onl 
body e.g. 
disease or£-
recovery 

8) 
Effects on 
body e.g. 
immune 
response 

£-

7) 
Effects on 
body e.g. on 
lymphocyte 
traffic 

Figure 1. Some of the levels through which an environ-
mental stimulus, perceived by the mind, may affect 
events in the body and eventually health and behavior. 
(Ader, 1981, p. 613). Used with permission of the 
publisher. 
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Cognitive/Behavioral Methods to Affect the Immune Response 

The observation that psychosocial and behavioral events 

and brain stimulation can influence the immune system pro-

vided impetus to a search for endogenous control mechanisms 

that could facilitate immuno-enhancement. While exact endog-

enous mechanisms remain obscure, research has demonstrated 

an association between some cognitive/behavioral therapeutic 

interventions and immuno-enhancement. Peavy (1982) concluded 

from her study of 16 high-stress, low-immune subjects that 

biofeedback-assisted relaxation significantly enhanced 

phagocytic functioning (£ < .0003) as measured by the nitro-

blue tetrazolium test (a screening test for disorders of 

phagocytosis and baterial killing). 

Imagery is another cognitive/behavioral technique that 

has been used to enhance the immune response in cancer 

patients. Pioneers in the use of imagery include Dr. Carl 

Simonton and Stephanie Simonton and Drs. Jeanne Achterberg 

and Frank Lawlis. Imagery is defined as the internal 

experience of a perceptual event in the absence of the 

actual external stimuli (Achterberg & Lawlis, 1980). Imagery 

has been used as both a diagnostic and a therapeutic tool 

in clinical practice. Patients are asked to visualize their 

disease process, body defenses, and the impact of any ongoing 

medical treatment, such as chemotherapy. Drs. Achterberg and 

Lawlis (1980) report that relaxation appears to be a necessary 

prerequisite for effective imagery and so usually teach 
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their patients relaxation skills, hence the term relaxation 

imagery as used in this paper. Few studies have been done 

on the effectiveness of imagery as an endogenous mechanism 

to produce physiologic change. Achterberg and Lawlis 

(1978) found a correlation of .78 (ri = 58) between ratings 

of the effectiveness of imagery and progress or remission of 

the cancer of Stage IV patients two months later. Of those 

patients who scored high ratings on imagery effectiveness, 

(at least one standard deviation above the mean), 93% showed 

no additional tumor growth or disease two months later. Of 

these same patients, 43% showed no evidence of the disease. 

In contrast, of patients whose imagery was rated at least 

one standard deviation below the mean, all (100%) showed new 

cancer or had died in the two month interval. 

Smith et al. (1982) conducted relevant studies to deter-

mine if relaxation imagery could be used as an endogenous 

control mechanism to modulate the function of one specific 

blood cell component of the immune system, neutrophils, in 

healthy individuals. They conducted studies confined to 

healthy individuals who expressed the belief that they could 

affect the function of cells in their blood. Sixteen sub-

jects were asked to visualize their neutrophils becoming 

sticky, adhering to the vessel wall, changing shape, and 

leaving the blood stream; all normal processes in the immune 

response. Both the total blood count and neutrophil count 

dropped significantly (£ < .0001) as expected. Unexpectedly, 
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adherence of the cells also dropped significantly (£ < .05). 

The researchers hypothesize that the reason for the drop in 

adherence was due to the drop in white blood cells, i.e., 

those cells which were responsive had already left the blood 

stream or had marginated on the vessel wall and, therefore, 

were not available for measurement in the post sample. A 

subsequent experiment was done (n = 32) using the exact con-

ditions as the first except that the subjects were asked to 

have the neutrophils delay leaving the blood stream and thus 

be available for blood sampling. As expected, the change in 

white blood cell count for this experiment was small and non-

significant and the adherence level increased significantly, 

from 22 to 56%. Thus, following the alteration in the one 

aspect of the imagery procedure (to keep the neutrophils in 

the blood), there was a significant increase in the percentage 

of cells adhering. Also, in support of the Achterberg/Lawlis 

findings, significant correlations were found between some of 

the imagery ratings and the stimulated adherence capacity of 

the neutrophils. The most significant correlations (£ < .05) 

were on the dimensions General Feeling, Strength, Symbolism, 

and Vividness. 

Smith et al. concluded that the changes in neutrophil 

function were associated with the imagery process. They also 

suggest that simple relaxation did not produce the alter-

ations in blood function because a change in only aspect of 

the imagery produced a significant change in adherence. 
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Conceptualizing the Relationship of Imagery to Physiologic 

Change 

Achterberg and Lawlis (1980) propose that images, whether 

mental pictures or cognitive representations of some other 

variety, affect physiological responses both directly and 

indirectly and in turn are affected by them. They suggest 

that both central and peripheral nervous systems are involved 

in the production and processing of images and production 

of physiologic change. The proposed pathway includes the 

right frontal lobe, limbic system, hypothalamus, pituitary, 

and both sympathetic and parasympathetic innervation of the 

endocrine glands, heart, lungs, liver, spleen, blood vessels, 

and intestines. They note direct interconnections between 

the right hemisphere of the brain, the limbic system, and 

the autonomic nervous system. 

Locus of Control and Physiological Responses 

Results of several studies show internals to be generally 

superior to externals in responding to biofeedback paradigms 

(Strickland, 1978). This is true whether the task is to 

increase and maintain alpha electroencephalogram responding 

(Gosling, May, Lavond, Barnes, & Carreira, 1974; Johnson & 

Meyer, 1974) or to lower galvanic skin response via biofeed-

back (Wagner, Bourgeoise, Levinson, & Denton, (1974) or to 

increase heart rate (Ray 1974; Gatchel, 1975). 

Of particular interest is a study by Fotopoulus (1971) 

who reported internals to be more capable of increasing their 
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heart rate without either reinforcement or external feedback, 

whereas externals could increase heart rate only under a 

reinforcement paradigm. There appears to be a relationship 

between internal/external expectancies and physiological 

responding in biofeedback designs. The nature of this rela-

tionship is very complex and, as yet, undetermined. 

Lymphocytes 

Lymphocytes were chosen for this study because of the 

critical role various types of lymphocytes play in both 

humoral and cellular immunity. Lymphocytes provide a major 

defense system against neoplastic processes and other patho-

logies. They are also involved in allergenic conditions, 

autoimmune disease and graft survival (Hyde & Patnode, 1978). 

Lymphocytes comprise a family of cells that differ in size, 

morphological characteristics, origin, life cycle, and 

migration patterns (Cline, 1975). When an individual is 

exposed to antigenic materials, either by injection or 

infection, a complex series of events occurs, with the end 

result that of specific antibodies and antigen-reactive 

lymphocytes (Hyde & Patnode, 1978). The interrelationships 

among the various cell types are very complex and beyond the 

scope of this paper. 

The lymphocyte population generally is very mobile. The 

blood and lymph provide the pathways for the movement of 

lymphocytes within the tissues. Many of the lymphoid cells 

use the blood and/or lymph to migrate from one hematopoietic 
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organ to another. The major migration pathways of the lymph-

ocytes include the thymus, bone marrow, spleen, lymph nodes, 

and blood. A portion of the normal pool of peripheral blood 

lymphocytes recirculates between intravascular and extravas-

cular compartments (Cupps & Fauci, 1982). The absolute 

number of lymphocytes in the peripheral circulation ranges 

from 1500 to 4000 per cubic millimeter (Orkanakis, Ostlund, 

& Athens, 1970). The afferent pathway of lymphocytes from 

blood to lymph is well documented, and lymph nodes constitute 

the principle route of recirculation of lymphocytes from 

blood to lymph (Cline, 1975). In contrast, the mechanism of 

release of lymphocytes from lymph nodes into the efferent 

lymphatic is not known definitively. The concentration of 

lymphocytes in the splenic vein is higher than that in the 

artery, suggesting that there is a net input of lymphocytes 

from the spleen into the blood (Ernstrom & Gyllensten, 1969; 

and Ernstrom & Sandberg, 1968). Ford (1969) demonstrated that 

the lymphocytes recycle through the spleen with a minimal 

transit time of two to three hours and at a rate proportional 

to their blood concentration. The thymus has a very high 

production rate of lymphoid cells. The thymus releases daily 

about four times the number of lymphocytes already in the 

circulation. The lymphocytes leave the thymus through both 

the blood vessels and the lymphatic channels. Thymus-produced 

lymphocytes have been identified in the thoracic duct, indi-

cating that they enter the recycling pool of small lymphocytes, 
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Hypotheses 

The present study was designed to examine the possibility 

that relaxation imagery could be used to modify specific immune 

processes. This study focused on altering the number of 

lymphocytes in the peripheral circulation through the use of 

relaxation imagery. The purpose was to demonstrate an effect 

on the traffic of lymphocytes around the body and on lymphoid 

tissue endogenously controlled by thought processes and the 

nervous system. Based on a consideration of the reviewed 

research and intervention strategy, the following results 

were predicted. 

1. Relaxation imagery specific for a directional change 

(increase or decrease) in the absolute number of peripheral 

circulating lymphocytes will produce a significant change in 

the designated direction within two hours. 

2. For the Increase Group, the directional change will 

be evidenced as a significant increase in the absolute number 

of lymphocytes from pre-to-post blood samples (Lymphocyte 

Change Score) following relaxation imagery training compared 

to that produced by the same group at trials prior to treat-

ment or following relaxation training only. Further, the 

increase in the lymphocyte change score for the Increase 

Group following relaxation imagery training will be signif-

icantly greater (jd < .05) than that demonstrated by the Control 

Group at trials prior to treatment, following relaxation 

training only, or following imagery training not specific 
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for a change in lymphocytes. 

3. For the Decrease Group the directional change will 

be evidenced by a significant decrease (£ < .05) in the 

absolute number of lymphocytes from pre-to-post blood samples 

(Lymphocyte Change Score) at the trial following relaxation 

imagery training compared to that produced by the same group 

at trials prior to treatment or following the relaxation 

training only. Further, the decrease in the Lymphocyte 

Change Score for the Decrease Group at the trial following 

relaxation imagery training will be significantly less (£ < 

.05) than that demonstrated by the Control Group at trials 

prior to treatment, following relaxation training only, or 

following imagery training not specific for a change in 

lymphocytes. 

4. For the Increase Group there will be a significant 

(£ < .05) positive correlation between the increase in the 

Lymphocyte Change Score produced at the imagery trial and 

the imagery ratings; for the Decrease Group, there will be a 

significant negative (£ < .05) correlation. 

5. For the Increase Group, there will be a significant 

(£ < .05) correlation between the increase in the Lymphocyte 

Change Score produced at the imagery trial and the scores 

on the Internal Scale of the Health Attribution Test; for 

the Decrease Group, there will be a significant (£ < .05) 

negative correlation. 
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Method 

This study was conducted in two phases. During phase 

one, both experimental and control subjects were taught 

relaxation skills to criterion biofeedback electromyograph 

and temperature levels. In phase two, both groups (n = 19) 

of experimental subjects were taught imagery as an endogenous 

method to produce physiological change, specifically, an 

alteration in the absolute number of peripheral circulating 

lymphocytes. One experimental group was instructed to use 

relaxation imagery to increase the number of peripheral 

circulating lymphocytes; the other group was to decrease the 

number. The control group (n = 9) was taught imagery skills 

as a means of deepening and further developing the relaxation 

response. 

Subjects 

Volunteers who responded to a notice posted on a university 

campus and published in the newspaper requesting research 

participation were screened. Prospective subjects completed 

a General Health Questionnaire (Appendix A) regarding age, 

sex, current medication, weekly alcohol intake, medical 

history, and, for females, the date of their last menses. 

Prospective subjects were also screened for normal blood 

pressures (below 140/90), their height and weight ratios 

(upper limits to be determined by the height and weight 

chart of Allstate Insurance Company, 1982, (Appendix B); and 

for use of medication. Subjects were not excluded if they 



23 

were stabilized on medication to maintain bodily function or 

were females taking birth control. The Holmes Stress Scale 

was also administered. Those subjects who scored two or more 

standard deviations above the mean were eliminated. The 

final criteria to participate was that the blood chemistry 

on blood samples drawn at the time of screening were within 

normal limits. 

Prospective subjects were told only that the study was 

designed to determine if relaxation imagery training could 

produce changes in blood function. They were also informed 

that the study would require a total of six blood samples 

taken by fingerstick on three occasions over a period of 

approximately six weeks. 

Sampling of Subjects 

All subjects meeting the criteria listed above signed 

the Informed Consent Form (Appendix C). Subjects were then 

randomly assigned (males and females separately) to exper-

imental or control groups. Twenty-eight subjects who met the 

screening criteria and signed the consent form completed the 

study. The mean age for all participants was 31 years with 

a range of 18 to 53 years. Of these, 17 were female with a 

mean age of 31.2 years and a range of 18 to 53 years. There 

were 11 males, with a mean age of 30.6 years and range of 18 

to 48 years. The majority of subjects were students in 

the nursing, allied health, or undergraduate psychology 

programs. 
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Psychophysiological Assessment 

An Autogen 1100 Electromyograph was used to monitor 

frontalis muscle activity and an Autogen 60 Thermister was 

used to monitor left middle finger skin temperature during 

the screening and experimental sessions. Criterion levels 

were established at a maximum of 1.5 microvolt frontalis EMG 

and/or a minimum of 90 degrees Fahrenheit skin temperature 

of the left middle finger. 

Standardization of Blood Samples 

All samples were obtained by fingerstick under the super-

vision of a licensed medical technologist. The following 

criteria were established: Subjects were asked to refrain 

from (a) taking any medications for 72 hours (except for 

medications to stabilize bodily function or birth control 

pills), (b) alcohol consumption for 24 hours, (c) alcohol 

consumption in excess of six ounces for 72 hours, and (d) all 

vigorous exercise for two hours. Also, subjects were to 

have had their normal sleep for three nights, not to have 

been sunburned, not to have altered their diets, and not to 

have been ill in the last seven days. Blood was not drawn 

from women during their menses. Data regarding these criteria 

were collected on the Brief Health Questionnaire prior to 

each blood sampling (Appendix D). Blood sampling was post-

poned if any of the criteria could not be met. Subjects 

also provided information on the food, beverages, and drugs 

ingested inhaled, or injected since 5:00 a.m. of the day of 
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blood sampling (Appendix E). All pre blood samples were 

drawn between 4 and 7 p.m. All post blood samples were drawn 

between 6 and 9:30 p.m. 

White Blood Count (WBC) 

Total white blood counts were determined on each specimen 

in duplicate on a Coulter Model S. The two counts were then 

averaged and the set of values reported were the average of 

the two. 

WBC Differential Count 

Peripheral blood smears were made and differential WBC 

counts were performed using standard techniques. Wrights 

stain was used to stain the blood films. The differentials 

were 200 cell count to increase accuracy. The data were pre-

sented as a percentage of each cell type. 

Absolute Lymphocyte Count 

The absolute lymphocyte counts were determined by mult-

iplying the percentage of lymphocyte cells as represented in 

the differential times the total white cell count. The 

absolute counts were reported to the third power and rounded 

to the tenths place. 

Imagery Rating 

The imagery drawings were rated for effectiveness in pro-

ducing physiologic change by similar scaling as reported by 

Achterberg and Lawlis (1979). The raters did not have access 

to the results of any of the blood tests, nor to any other 

information regarding any of the experimental subjects. Each 
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drawing was rated on a scale of 1 to 5 on eight separate 

dimensions: use of colors, vividness of lymphocytes at the 

starting point; lymphocytes leaving starting point, lymph-

ocytes enroute to their destination, lymphocytes entering the 

destination, overall integration, symbolism of the cells, and 

the overall effectiveness of imagery. A rating of 1 repre-

sented low effectiveness for producing physiologic change, 

while a rating of 5 represented high effectiveness for each 

of the dimensions. The total of all eight scores for each 

individual was determined and constituted a ninth dimension. 

Procedure 

The study was conducted over a six-week interval. Both 

experimental and control subjects met in either individual or 

group sessions a total of six times, for an overall total of 

approximately nine contact hours. Pre and post blood samples 

were drawn from each subject three times during the study. 

Session 1 

All subjects were scheduled to meet individually with 

the experimenter. Subjects completed the Informed Consent 

Form (Appendix C), General Health Questionnaire (Appendix A), 

Daily Intake Record (Appendix E), Brief Health Questionnaire 

(Appendix D), Health Attribution Test, and the Holmes Stress 

Scale. Then, after a minimum of fifteen minutes relaxing in 

the waiting room, height, weight, and blood pressure were 

checked and blood samples drawn. Two five-minute baselines 

recording frontalis EMG and middle finger temperature were 
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made. During the assessment, the subject was resting in a 

reclining chair with EMG frontalis and thermal placements. 

Each subject was instructed to "Recline, close your eyes, 

and allow yourself to become as comfortable as you can for 

the next five minutes. I will ask you to open your eyes at 

the end of the five-minute rest period." Subjects were 

instructed to refrain from alcohol or strenuous activity and 

to limit food intake for the following two hours, then to 

return and have a second blood sample drawn. The two blood 

samples were two hours apart, allowing for the two hour time 

span in the experimental sessions. All blood samples were 

controlled for the time of day. 

During the time interval until the second blood sample 

was drawn, subjects were instructed to record at 30 minute 

intervals the number of cups of coffee they had ingested, 

the number of cigarettes they had smoked, and a self-report 

of anxiety on a scale of 1 to 5, with 5 representing high 

anxiety (Appendix F). Following the second blood sampling, 

each subject filled out the State portion of the State-Trait 

Anxiety Scale (STAI) by Spielberger. 

Forty-one volunteers completed the screening process in 

its entirety, which constituted the first session. Of these, 

two subjects were eliminated because they scored more than 

two standard deviations above the group mean on the Holmes 

Stress Scale. Of the thirty-nine accepted into the study, 

28 completed all six sessions. One subject was eliminated 
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at the final session for inability to meet criteria regarding 

drug usage; the remainder chose to drop out for a variety of 

personal reasons. 

Session 2 

This session was a group session. Didactic instruction 

in the relaxation response, diaphragmatic breathing, and 

associated physiological mechanisms was given. The relaxation 

response was described as a learned skill requiring practice. 

A twenty-minute guided relaxation session was conducted. 

Subjects were given a twenty-minute audio cassette relaxation 

tape prepared by the experimenter. The relaxation tape was 

designed for this study and contained a passive or progressive 

mental exercise, similar to those in print (Fuller, 1977). 

Subjects were instructed to listen to the tape at least once 

a day for the next week to facilitate learning the relaxation 

response. 

Session 3 

Individual sessions were scheduled with the experimenter 

for all experimental and control subjects. Upon arriving, 

each of the subjects completed the Brief Health Questionnaire 

(Appendix D) and the Daily Intake Record (Appendix E). A 

blood sample was drawn and EMG and thermister placements were 

made. Both frontalis activity and skin temperature were 

monitored while the subject reclined and listened to the 

relaxation tape. The instructions to the subject were to 

"Focus your attention on the words of the speaker and allow 
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yourself to become as relaxed as you can". A criterion of a 

maximum of 1.5 microvolt EMG activity or minimum of 90 degrees 

Fahrenheit temperature sustained for at least two of the first 

10 minutes of the relaxation exercise was established. When 

completed, subjects were instructed to refrain from drinking 

alcoholic beverages or engaging in strenuous exercise, and 

to limit their food intake for the next two hours, then 

return to have a second blood sample drawn. 

Those subjects who did not meet the criterion level were 

allowed additional time to practice and re-scheduled. It 

was necessary for two subjects to re-schedule. Both subjects 

met the criteria on the second attempt. 

Session 4 

All subjects participated in a group session focused on 

developing imagery skills. An audio cassette relaxation tape 

utilizing visual imagery in a passive relaxation exercise was 

provided to all subjects with instructions to use the tape at 

least once a day for a week to facilitate the development of 

imagery skills. A twenty-minute guided imagery relaxation 

session was conducted. No mention was made of the use of 

imagery to produce specific physiological change. 

Session 5 

This session was conducted separately for experimental 

and control groups. 

Control Group. The session focused on (a) the use of 

relaxation imagery to further deepen and develop the relaxation 
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response, (b) developing the ability to image with all the 

senses, stressing the importance of color, odor, taste, touch, 

and sound in their relaxation images. Guided relaxation 

exercises were conducted, incorporating each of the senses in 

turn. Subjects were encouraged to identify their weakest 

sense regarding the formation of images and given instruction 

in improving it. Subjects were encouraged to develop images 

that were meaningful to them and their personal health goals. 

They were told only that the blood samples were to monitor 

changes in the quality of their red blood cells, and that 

alterations would be indicative of blood function changes 

resulting from a deepening of the relaxation response. Subjects 

were instructed to practice using this image during relaxation 

sessions at home at least once a day until the final session, 

scheduled no less than one week from then. 

Experimental Groups. The two experimental groups met 

separately in group sessions which focused on (a) the use of 

relaxation imagery to produce physiological changes and 

(b) the nature and role of lymphocytes in the immune response. 

An historical perspective on the use of imagery to produce 

physiological change was given. The work of Drs. Simonton, 

Achterberg, and Lawlis was described. The research of Smith 

et al., at Michigan State was also described. Books and 

articles with case histories and imagery drawings were made 

available for subjects to read. All subjects were encouraged 

to share relevant personal experiences, ideas and questions. 



31 

The nature and role of lymphocytes in the immune response 

was described. Texts on the immune system with photographs 

of lymphocytes were on display and available for subjects 

to review. The instruction focused primarily on lymphocytes, 

their nature and role, and how they differed from other 

types of white blood cells. 

The content of the two group sessions differed only in 

the instructions that each group were given regarding the 

relaxation imagery they were to develop to produce specific 

physiologic change. One experimental group was directed to 

image lymphocytes: (a) in lymphatic organs or reservoirs, 

such as the thymus, spleen, and lymph nodes, (b) leaving the 

reservoirs and entering channels, such as the lymph channels, 

(c) moving in the channels, and (d) exiting the channels and 

entering the peripheral blood vessels, and traveling to the 

fingers where they would be available for blood sampling. 

This experimental group was identified Increase Group. 

The second experimental group was instructed to image 

lymphocytes: (a) moving in the blood vessels, (b) gathering 

at the wall of the vessel, (c) changing shape and moving 

through the wall of the blood vessel, and (d) moving away 

from the blood vessel and through the body tissue. This 

group was identified Decrease Group. 

Both groups were told that the process they were being 

asked to image was a normal immune process occuring regularly 

throughout each day as a part of the recirculation pattern 
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of lymphocytes, and in essence, they were being asked to 

exercise a change in the traffic of recirculating lymphocytes 

by using relaxation imagery. 

Both groups were encouraged to be playful and creative 

in their imagery, and to use any imagery that was meaningful 

to them to achieve the designated changes. Each subject was 

given an assortment of pencils, pens, and colored markers 

and encouraged to begin to formulate an image and draw it on 

paper. 

A twenty-minute guided relaxation exercise was conducted 

with instructions specific to the desired physiologic changes 

for each group. Subjects were given suggestions for further 

developing their imagery skills. Subjects were then asked 

to practice the relaxation imagery specific to their group 

at least once a day until the final session, a minimum of 

one week away. 

Session 6 

Individual sessions for all subjects were scheduled with 

the experimenter, following the same guidelines and criteria 

outlined in Session 3 in regard to questionnaires, blood 

sampling, biofeedback monitoring, self-reports of coffee, 

cigarettes, and anxiety, and administration of the State 

portion of the STAI. Subjects were again given a choice of 

whether the experimenter remained in the room during the 

session or left the room and whether to listen to the relax-

ation tape or to relax without it. All of the subjects chose 
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to be left alone during the session; two subjects chose not 

to listen to the tape. All subjects were instructed to use 

relaxation imagery in accordance with the instructions for 

their group. 

All subjects were allowed to become alert at their own 

pace. No subject required more than two or three minutes to 

become alert. All subjects were asked to describe their 

imagery, and their description was tape recorded. Subjects 

in both experimental groups were asked to draw their imagery, 

and were provided a large assortment of pencils, pens and 

magic markers from which to choose. Subjects in the control 

group were offered the opportunity to draw their imagery. 

All declined because to do so would have required painting 

a scenic portrait, a task with which they couldn't comply. 

Subjects were then asked to refrain from drinking alcohol, 

eating a large meal, or engaging in vigorous activity until 

the final blood sample. They were given a tally sheet on 

which to record cigarettes, coffee, and anxiety at 30 minute 

intervals until the post blood sample. The State portion of 

the STAI was administered following the final blood sample. 

Results 

Comparison measures between the groups were taken on three 

trials (Session 1 prior to treatment, Session 3 following 

relaxation training, and Session 6 following imagery training) 

to determine the effectiveness of relaxation imagery in 

producing specific directional physiological change in the 



34 

immune response. At each of the three trials pre and post 

blood samples were obtained and the difference in the abso-

lute number of lymphocytes from the pre to the post sample 

was determined for each trial (Lymphocyte Change Score). A 

summary of means and standard deviations of the Lymphocyte 

Change Scores for all trials is found in Table 1. 

Table 1 

Means and Standard Deviations of Lymphocyte 
Change Scores Across Trials 

Group 

Trials 

Group 1 2 3 

Increase 

Mean 0.3000 0.3400 0.4100 

SD 0.3621 0.4600 0.3604 

Decrease 

Mean 0.1222 0.2778 0.3222 

SD 0.3768 0.2386 0.8074 

Control 

Mean -0.0111 0.1556 0.1556 

SD 0.5442 0.5102 0.5175 

Note. Lymphocyte Change Score expressed x 10-*. 

Lymphocyte Change Scores were analyzed by repeated measures 

analysis of variance (ANOVA) between groups and across all 

three sessions. The univariate test of significance for 
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group effect using sequential sums of squares was nonsignif-

icant (£ > .05). The assumptions of sphericity and homogeneity 

were met and a univariate F was performed to determine both 

session main effect and interaction between groups and sessions, 

The results were nonsignificant (£ > 0 5 ) . A summary of the 

analysis of the data is presented in Table 2. 

Table 2 

Source Table of Repeated Measures Analysis of Variance 
Lymphocyte Change Scores 

Tests of Significance for Group Effect 
Using Sequential Sums of Squares 

Source DF MS F Sig . of F 

Within Cells 25 0.25334 

Constant 1 4.62010 18. 24367 .000 

Between Groups 2 0.44485 1. 75593 .193 

Averaged Tests 
Sequential 

of Significance 
Sums of Squares 

Using 

Source DF MS F Sig . of F 

Within Cells 50 0.22639 

Between Sessions 2 0.18726 0. 82717 .443 

Group by Sessions 4 0.01317 0. 05815 .994 

Lymphocyte Change Scores between groups were analyzed at 

each trial separately using one-way ANOVAs. No significant 
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difference (£ > .05) between the three groups in Lymphocyte 

Change Scores is demonstrated on any individual trial. 

Summaries of the data are presented in Table 3. 

Table 3 

Source Table One-Way Analysis of Variance 
Lymphocyte Change Scores 

By Trial 

Trial 1 

Source DF SS MS F F Prob 

Between Groups 2 0.4641 0.2321 1. i 238 0. 3070 

Within Groups 25 4.6844 0.1874 

Total 27 5.1486 

Trial 2 

Source DF SS MS F F Prob 

Between Groups 2 0.1650 0.0825 0. 464 0. 6338 

Within Groups 25 4.4418 0.1777 

Total 27 4.6068 

Trial 3 

Source DF SS MS F F Prob 

Between Groups 2 0.3132 0.1566 0. 459 0. 6370 

Within Groups 25 8.5268 0.3411 

Total 27 8.8400 

Note. Lymphocyte Change Score expressed x 10-̂  
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One-way ANOVAs on the Lymphocyte Change Scores were per-

formed between the Control and Increase Group on all three 

trials. A summary of the data is found in Table 4. 

Table 4 

Source Table One-Way Analysis of Variance 
Lymphocyte Change Scores Increase 

and Control Groups 

Trial 1 

Source DF SS MS F F Prob 

Between Groups 1 0.4585 0.4585 2. 196 0. 1566 

Within Groups 17 3.5489 0.2088 

Total 18 4.0074 

Trial 2 

Source DF SS MS F F Prob 

Between Groups 1 0.1611 0.1611 0. 687 0. 4186 

Within Groups 17 3.9862 0.2345 

Total 18 4.1474 

Trial 3 

Source DF SS MS F F Prob 

Between Groups 1 0.3067 0.3067 1. 574 0. 2265 

Within Groups 17 3.3112 0.1948 

Total 18 3.6179 

Note. Lymphocyte Change Score ( expressed x 10-3 
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Lymphocyte Change Scores were also analyzed by single-

factor repeated measures ANOVA. Summaries of the data are 

presented in Table 5. 

Table 5 

Source Table Single-Factor Repeated Measures ANOVA 
Lymphocyte Change Scores 

Source SS DF MS F F Prob 

Increase Group 

Within Cells 1 .25800 18 0. 06989 

Session Effect .06200 2 0. 03100 0. 44356 .649 

Decrease Group 

Within Cells 4 .46148 16 0. 27884 

Session Effect .19852 2 0. 09926 0. 35597 .706 

Control Group 

Within Cells 5 .60000 16 0. 35000 

Session Effect .16667 2 0. 08333 0. 23810 .791 

There is no significant difference (JD > .05) between 

sessions in Lymphocyte Change Scores for any group. While 

not statistically significant, there is a general increase 

in Lymphocyte Change Scores across groups across sessions. 

The mean of the Control Group remained the same from Trial 2 

to Trial 3, while the means for both experimental groups 

increased. The increase was largest for the Increase Group. 

The data are represented graphically in Figure 2. 
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A variable was constructed by subtracting the Lymphocyte 

Change Score at Trial 2 from the Lymphocyte Change Score at 

Trial 3. This difference between the Lymphocyte Change 

Scores at Trial 2 and Trial 3 for each group was examined by 

one-way ANOVA. There is no significant difference (£ ? .05) 

between the Increase and Control Groups or the Decrease and 

Control Groups in the amount of change in lymphocytes produced 

at Trial 2 subtracted from that produced at Trial 3. A sum-

mary of the data is presented in Table 6. 

Table 6 

Source Table One-Way Analysis of Variance Difference 
Between the Lymphocyte Change Scores 

At Trial 2 and Trial 3 

Source of Variation DF SS MS F sig F 

Increase and Control Groups 

Between 1 0.0232 0.0232 0.064 0.8026 

Within 17 6.1210 0.3601 

Decrease and Control Groups 

Between 1 0.0089 0.0089 0.014 0.9080 

Within 16 10.3222 0.6451 

Note. Lymphocyte Change Score expressed x 10^ 

All nine imagery scores were subjected to analysis of 

variance. No significant difference (g > .05) is found be-

tween the two experimental groups on any of the nine imagery 
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scores, although one scale, Leaving the Starting Point, 

approached significance. The means of the Total of all 

Eight Scores dimension are identical (25.10) with similar 

standard deviations (5.74 for the Increase Group and 4.78 

for the Decrease Group). Standard deviations for the scales 

Use of Color and symbolism of Cells are high for both groups, 

Means and standard deviations are presented in Table 7 and 

data from the analysis of variance are presented in Table 8. 

Table 7 

Summary Table Means and Standard Deviations 
Imagery Ratings of Experimental Groups 

Increase Decrease 
Dimension Mean SD Mean SD 

Color 2.40 1.35 2.22 1.20 

Vividness of Cells 3.20 0.79 2.78 0.44 

Movement from Starting 

Point 2.70 0.95 3.44 0.73 

Movement Enroute to 

Destination 3.00 0.94 3.44 0.73 

Entering Destination 3.40 0.70 3.44 0.73 

Overall Integration 3.60 0.97 3.67 1.12 

Symbolism of Cells 3.00 1.15 2.89 1.05 

Overall Imagery 

Effectiveness 3.80 0.92 3.22 1.09 

Total all Scores 25.10 5.74 25.10 4.78 
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Table 8 

Source Table Analysis of Variance 
Increase and Decrease Groups 

on all Imagery Ratings 

SS DF MS 

Use of Color 

42 

F Prob 

Between 

Within 

0.150 

27.956 

1 

17 

0.150 

1.644 

0.091 0.7665 

Vividness of Cells 

Between 

Within 

0.844 

7.156 

1 

17 

0.844 2.006 

0.421 

0.1747 

Leaving Starting Point 

Between 

Within 

2.625 

12.322 

1 

17 

2.625 3.622 

0.725 

Enroute to Destination 

0.0741 

Between 

Within 

0.936 

12.222 

1 

17 

0.936 1.301 

0.719 

0.2698 

Between 

Within 

Entering Destination 

0.009 

8.622 

1 

17 

0.009 0.018 

0.507 

0.8936 
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Overall Integration 

Between 0.021 1 0.021 0.019 0.8907 

Within 18.400 17 1.082 

Symbolism of Cells 

Between 0.058 1 0.058 0.048 0.8299 

Within 20.889 17 1.229 

Overall Effectiviness for Producing Physiolopic Change 

Between 1.581 1 1.581 1.567 0.2276 

Within 17.156 17 1.009 

Total All Eight Imagery Ratings 

Between 0.0006 1 0.0006 0.000 0.9964 

Within 479.7889 17 28.2229 

Pearson correlation coefficients were computed between 

the nine imagery scores. The correlation coefficients of 

most of the scales and the total score are significant 

(£ < .05) with several of the other scales. Exceptions are 

scales 1 and 7, Use of Color and Symbolism of Cells respec-

tively. Symbolism of Cells reaches significance only with 

one other scale, Overall Effectiveness. Use of Color is 

significantly correlated only to Enroute to Destination and 

total all Scores. The data are summarized in Table 9. 
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Table 9 

Pearson Correlation Coefficients 
Imagery Ratings 

1 2 3 4 5 6 7 8 9 

1 . .3335 .2273 .4543* .3514 .2729 -.3579 .0803 .4510* 

2 2?43 .3899 .7220** .4943* .1545 .4901* .6456** 

3 9120** .5792** .7454** .2855 .5063* .8135** 

4 6865** .8012** .1331 .5665** .8757** 

5 7096** .0313 .6125** .7950** 

6 3367 .7366** .9013** 

7 4809* .3801 

8 7905** 

9 

Note• ^ ^ Use of Color 6 = Overall Integration 
2 = Vividness of Cell 7 = Symbolism of Cells 
3 = Leaving Starting Point 8 = Overall Effectiveness 
4 = Enroute to Desination 9 = Total all Scores 
5 = Entering Destination 

*£ < .05 
**£ < .01 

All eight imagery ratings and the total imagery score 

were compared to the absolute number of lymphocytes in the 

pre blood sample at Trial 3 (Relaxation Imagery) to determine 

correlations Prior to the relaxation imagery. There are no 

significant correlations (jd > .05) between any of the imagery 

ratings and the number of lymphocytes in the pre blood sample 

at Trial 3, the relaxation imagery trial. The pattern of nega-

tive and positive correlations differ for the two groups. In 
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general, there are more negative than positive correlations. 

The data are summarized in Table 10. 

Table 10 

Pearson Correlation Coefficients Absolute Number of 
Lymphocytes in Pre Blood Sample at Relaxation 

Imagery Trial with Imagery Ratings 

Pre Trial 3 Lymphocytes 
Increase Group Decrease Group 

Use of color -.4101 .0237 

Vividness of Cell -.2867 .3503 

Leaving Starting Point -.0872 -.1231 

Enroute to Destination -.3401 -.1231 

Entering Destination -.4538 -.1231 

Overall Integration -.2131 .1254 

Symbolism of Cells .2046 -.1697 

Effectiveness .0257 -.2418 

Total All Scores 

A C 

-.2518 -.0812 

Pearson correlation coefficients were determined for the 

Lymphocyte Change Score at Trial 3 (relaxation imagery) with 

all imagery ratings. The only significant (£ < .05) corre-

lation demonstrated is the negative one between the Lymphocyte 

Change Score at Trial 3 (Relaxation Imagery) with Overall 

Integration for the Decrease Group. This is in the expected 

direction. While not reaching significance, all other scales 
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for the Decrease Group, except Scale 1 (Use of Color) are 

negatively correlated with the Lymphocyte Change Score and 

are in the expected direction. Correlations of the two var-

iables for the Increase Group are mixed both positive and 

negative, and several, such as Overall Integration and 

Effectiveness for Producing Physiologic Change, are negative 

and not in the expected direction considering the instruc-

tions to the group to increase lymphocytes. The correlations 

can be considered consistent with the results of the Group 

in failing to produce a significant increase in lymphocytes 

at Trial 3. A summary of the data is presented in Table 11. 

Table 11 

Source Table Pearson Correlation Coefficients 
Lymphocyte Change Score Trial 3 

Lymphocyte Change Score Trial 3 
Increase Group Decrease Group 

Use of Color -.4887 .1617 

Vividness of Cell .1876 -.5812 

Leaving Starting Point -.1527 -.4664 

Enroute to Destination -.3924 -.4664 

Entering Destination .1587 -.4664 

Overall Integration -.1149 -.6139* 

Symbolism of Cells .3471 -.0114 

Effectiveness -.0939 -.3888 

Total Score 

T r — ^ — - r r r - -

-.1240 -.4605 
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All imagery ratings were also compared to the difference 

in Lymphocyte Change Scores between Trials 2 (relaxation) 

and 3 (relaxation imagery) for correlations. Seven corre-

lations for the Decrease Group are negative and in the 

expected direction, with five reaching significance (jd < .05) 

Correlations for the Increase Group are all positive and in 

the expected direction, with only one (Entering Destination) 

reaching significance (£ < .05). Table 12 contains a sum-

mary of the Pearson Correlation Coefficients for both 

experimental groups. 

Table 12 

Source Table Pearson Correlation Coefficients Lymphocyte 
Change Score at Trial 2 Subtracted from 

Trial 3 with all Imagery Scores 

Lymphocyte Change Score Trial 3 - Trial 2 
Increase Decrease 

Use of color 

Vividness of Cell 

Leaving Starting Point 

Enroute to Destination 

Entering Destination 

Overall Integration 

Symbolism of Cells 

Effectiveness 

Total All Scores 

.1977 

.5368 

.4005 

.5537 

.7134* 

.4443 

.2512 

.4545 

.5620 

.0139 

-.6862* 

-.6167* 

-.6167* 

-.6167* 

-.6549* 

.1633 

-.4252 

-.5552 

*£ < .05 
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The scores for all three groups on the Internal Scale of 

the Health Attribution Test obtained pretreatment were sub-

jected to analysis of variance. There are no significant 

differences (jo > 05) in scores on the Internal Scale of the 

HAT between groups. The Increase Group has the highest mean, 

with those of the Decrease and Control Group being lower and 

more similar. Means and standard deviations are presented 

in Table 13. Data from the analysis of variance are sum-

marized in Table 14. 

Table 13 

Means and Standard Deviations 
Internal Scale HAT 

Group Mean SD 

Increase 

Decrease 

Control 

12.90 

10.89 

10.22 

5.13 

5.46 

4.76 

Table 14 

Source Table Analysis of Variance 
Internal Scale HAT 

Source SS DF MS F Sig of F 

Between 37. .344 2 18, .667 0.710 

•7 

0.5013 

Within 657. ,344 25 26. .294 
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Pearson correlation coefficients were determined between 

the Lymphocyte Change Score at each of the three trials with 

the score of the Internal Scale of the Health Attribution 

Test. Correlations were computed for the groups separately, 

because each received different instructions in regard to 

imaging lymphocytes. In addition, correlations were determined 

for the groups combined. There is a significant difference 

(£ < .05) in the correlation between the scores on the 

Internal Scale of the HAT and the Lymphocyte Change Scores 

at Trial 3, the relaxation imagery session, only when the 

groups are combined. No significant difference (JD > .05) is 

determined between the correlations for the combined groups 

on any other trial or for any of the individual groups at 

any of the three trials. A summary of the data is presented 

in Table 15. 

Table 15 

Source Table Pearson Correlation Coefficients 
Lymphocyte Change Scores at Each Trial 

With Internal Scale HAT 

Internal Scale HAT 
Lymphocyte Change Score 

Trial 1 2 

Increase Group .0299 .0631 .4453 

Decrease Group -.3690 .0362 .3236 

Control Group .5604 -.4377 .1921 

Groups Combined 

* ^ ^ n tr 

.1694 -.0807 . 3280' 
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Pearson correlation coefficients were also determined 

for the difference between the Lymphocyte Change Scores 

at Trial 2 and at Trial 3 (Trial 3 - Trial 2) with the 

scores on the Internal Scale of the Health Attribution Test. 

No significant correlation ( £ > .05) is found for any of the 

groups individually between the scores on the Internal Scale 

HAT and the Lymphocyte Change Score at Trial 2 subtracted 

from Trial 3. Again, though, there is a significant corre-

lation for the groups combined. In comparison to the 

correlations determined for Lymphocyte Change Scores at 

each trial separately (Table 15), all the correlations are 

positive. Given the difference in instructions to each 

group, a negative correlation would be expected for the 

Decrease Group. A summary of the data is presented in Table 

16. 

Table 16 

Source Table Pearson Correlation Coefficients 
Lymphocyte Change Score Trial 3 - Trial 2 

With Internal Scale HAT 

Internal Scale HAT 
Lymphocyte Change Score 

Trial 3 - Trial 2 

Increase Group .3431 

Decrease Group .3041 

Control Group .4167 

Groups Combined 

*d < 

.3362* 
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Post Hoc Analysis 

No significant differences are found between groups on 

the concomitant EMG and temperature biofeedback monitoring 

and State portion of the STAI across sessions except for the 

EMG levels at the third session. At that session there was 

a significant difference (£ < .03) with the Increase Group 

being the lowest and the Control Group the highest in mean 

EMG levels. In general, the biofeedback readings were in 

the expected direction and the STAI scores within the normal 

range. Tables 17, 18, and 19 (Appendices G, H, I) present 

summaries of these variables across sessions. 

Other blood chemistry variables monitored for change are 

total white blood cells (WBC), differential white blood 

cells (in addition to lymphocytes: neutrophils, monocytes, 

eosinophils, and basophils), red blood cells (RBC), hematocrit 

(HCT), and hemoglobin (HGB). Hematocrit is an index of the 

volume of red blood cells expressed as a percentage of the 

total blood. Hemoglobin is the oxygen-carrying component 

of the red blood cells and is expressed in grams per cubic 

millimeter. 

Tables 20 and 21 (Appendices J and K) present a summary 

of means and standard deviations for all blood components in 

pre and post samples at each trial. Repeated measures ANOVA 

were done on the change scores for total WBC, neutrophils, 

RBC, HGB, and HCT. Analyses on basophils, eosinophils, and 

monocytes were omitted because these cells contribute a very 
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small percentage to the overall WBC count. WBC, RBC, and 

HCT all demonstrate a significant increase across sessions, 

but no group or group by session interaction. The data are 

summarized in Table 22 (Appendix L). 

Discussion 

The current study was based on the assumption that 

relaxation imagery can be used as an endogenous means to 

produce specific physiologic change, e.g. in the immune 

function. A directional change in the number of lymphocytes, 

a white blood cell important to immune functioning, was to 

be made. One group was to increase lymphocytes; a second, 

to decrease; and a third served as a control group. The 

only significant difference between the three groups was in 

the nature of the relaxation imagery used in the third 

trial. 

No significant difference (£ > .05) in the number of 

lymphocytes from pre-to-post blood samples is demonstrated 

within two hours between groups across trials, between 

groups on any individual trial, between the Increase Group 

and the Control Group or the Decrease Group and Control Group, 

or for repeated measures on any single group. No support is 

found for Hypotheses 1, 2, or 3. 

A general increase in the Lymphocyte Change Score across 

groups across sessions is demonstrated; but it does not reach 

the level of significance (JD > .05). Similar increases 

across groups across sessions are demonstrated for WBC, RBC, 
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and HCT. These do reach statistical significance (ja < .05), 

but are clinically nonsignificant. 

As would be expected, most of the imagery ratings corre-

late significantly with each other. Two exceptions are Use 

of Color and Symobolism of Cells. The two experimental 

groups do not differ significantly (£ > .05) on any of the 

imagery scores. Pearson correlation coefficients were also 

determined between the imagery rating and the number of 

lymphocytes in the pre blood sample at the relaxation imagery 

trial. The majority of the correlations for both groups are 

negative; none reach the level of significance ( £ ^ .05). 

Pearson correlation coefficients were determined between 

Lymphocyte Change Scores at the relaxation imagery trial 

(Trial 3) and all of the imagery ratings. Only one, Overall 

Integration, reached significance, and only for the Decrease 

Group. It is a negative correlation, as are all but one 

(Use of Color) for the Decrease Group. These correlations 

are in the expected direction, given the instructions to the 

group to decrease lymphocytes. The difference between the 

Lymphocyte Change Scores at Trials 2 and 3 was also compared 

to the imagery ratings to determine correlation. All of 

these were again negative for the Decrease Group, except for 

Use of Color and Symbolism of Cells, and this time five of 

the correlations were significant JD ^ .05). These corre-

lations are interpreted as partial support for Hypothesis 5 

regarding the Decrease Group, 
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The correlations between Lymphocyte Change Scores and 

the imagery ratings for the Increase Group are mixed, six 

being negative, although nonsignificant (£ > .05). Given the 

instructions to the group to increase lymphocytes, positive 

correlations would be expected. Pearson correlation coeff-

icients between the imagery scores and the difference in 

Lymphocyte Change Score from Trial 2 to Trial 3 are all 

positive, and Entering Destination does reach significance 

(£ > .05). These correlations are in the expected direction. 

Hypothesis 4 regarding the Increase Group is only partially 

supported. This may account for the group's failure to 

accomplish the task. 

No support is found for Hypotheses 5 regarding the expected 

correlation between Internal Scale HAT scores and Lymphocyte 

Change Scores or the difference between the Lymphocyte 

Change Scores at Trial 2 and 3. The significant correlation 

demonstrated for the groups combined at Trial 3 is lost when 

the group correlations are computed separately. 

In summary, the five specific hypotheses calling for and 

dependent upon specific physiologic change in the number of 

peripheral lymphocytes as a function of relaxation imagery 

are not supported. There is essentially only one treatment 

with repeated measures being taken on the groups combined, 

and that treatment appears to be relaxation. The results and 

data are nevertheless interesting, and many of the findings 

warrant discussion. 
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Numerous controls were instituted to minimize variance 

in blood chemistries due to the effects of such influences 

as exercise, diet, alcohol, medication, infection, fatique, 

etc. Yet, blood chemistries changed in statistically, if 

not clinically, significant ways. Concomitant biofeedback 

monitoring verifies a lowering of frontalis muscle activity 

and an increase in peripheral skin temperature across groups 

and sessions, both of which are established and accepted 

physiological signs of the relaxation response and represent 

a physiological state dominated by parasympathetic activity. 

Peavey (1982) concluded that the quantity of white blood 

cells does not change with biofeedback-assisted relaxation, 

but did report a significant increase in the phagocytic 

activity or quality of neutrophils. While phagocytic activity 

is not measured by this study, a significant increase across 

sessions is demonstrated for total white blood cells, lymph-

ocytes, and neutrophils. Provided the number of white blood 

cells can be used as an index of the ability of the immune 

system to combat disease (Smith, 1982), and given that this 

increase occurs in healthy subjects, can some combination 

of the two research paradigms produce an immune system with 

not only a greater number of phagocytic cells, but cells 

with enhanced phagocytic activity? 

Further, although there are no known studies with which 

to compare, statistically significant increases are also 

observed across sessions in red blood cells, hematocrit, and 
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hemoglobin. These changes occur while concomitant moni-

toring by biofeedback and self-report health questionnaires 

verify freedom from diseases which are normally associated 

with increases in these parameters and the subjects are in a 

state of lowered physiological arousal produced in part by 

deep breathing exercises. The potential clinical significance 

of these increases in healthy people is not known. Nor is it 

known how such changes might benefit selected disease states. 

It does seem worth exploring, since teaching the relaxation 

response requires a minimum of time and financial investment 

and can be done by paraprofessionals already working within 

the health care delivery system. 

While this study fails to support the findings of Smith 

et al. regarding specific physiological change produced in 

immune functioning, it does support their earlier research 

in this area. They report that they first attempted to pro-

duce specific immunologic change between groups using either 

relaxation, biofeedback, or imagery with naive subjects, 

that is, subjects who did not know when they entered the 

study that they would be asked to produce such changes. 

They were not able to demonstrate differences between the 

groups. The research upon which they report the significant 

changes in response to relaxation imagery used only subjects 

who professed a belief in their ability to affect their 

white blood cells. Subjects who did not believe they could 

affect their white blood cells by imagery were eliminated. 
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Thus, the subjects who participated were primarily highly 

motivated medical and graduate students. 

To meet the scientific rigors necessary for research, 

the current study was designed with a control group. This 

prevented any such discrimination of belief in the sampling 

of subjects. When the matter of producing specific phys-

iologic change was introduced to the experimental groups, 

there were open expressions of dismay and anxiety about the 

nature of the task uniformly across both groups. While most 

subjects slowly mustered enthusiasm for the task, it seemed 

to be more from a sense of loyalty to the experimenter rather 

than a personal confidence in their imagery ability. It may 

well be that the current study tests the generalizability of 

the Smith results beyond a sample of highly educated, 

motivated, medical and graduate students who profess to 

believe that they can affect the function of their white 

blood cells. 

There are many other problems with conducting such 

research. Very little information regarding endogenous 

control mechanisms in general in normal individuals is 

available, let alone endogenous control of immune function. 

Assuming an endogenous control mechanism can be found or 

developed to produce specific cellular change in the immune 

system, there are no known parameters on how long it should 

take to accomplish such change. Blood sampling at two hours 

may be too soon—or too late. Further, the effect of daily 



58 

practice is not known. It is possible that daily practice 

producing the instructed change triggers many bodily feed-

back systems to compensate with many additional changes. 

And finally, there is no support for endogenous control of 

bodily processes in the opposite direction of the ongoing 

process, for example, instructing subjects to decrease the 

number of peripheral lymphocytes at a time that the normal 

circadian rhythm is increasing them. 

In spite of the above mentioned problems, continued 

reseach regarding the mind's ability to regulate physiolog-

ical processes using cognitive/behavioral techniques is 

essential to the growth of psychoneuroimmunology. The 

current state of the art requires trial and error, with 

every research study contributing to the data pool. Based 

on the current study, there are several observations worthy 

of mention for future research. Obviously, such research 

would best be conducted under generous funding. The current 

study limited blood chemistry analyses to complete blood 

counts (CBC) and differentials, yet required in excess of 

$2000.00 worth of lab work. But additionally, the services 

of a technologically sophisticated laboratory that could 

perform the variety of complicated analyses desirable on 

site for this type of research would be most advantagous. 

By limiting the current study to CBC's and differentials, 

much additional important information regarding hormonal and 

Cortisol levels, phagocytic activity, and chemotactic and 
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adherence properties was lost. 

Also, it seems reasonable at this point to limit such 

research to self-selected subjects who profess a belief in 

their ability to produce specific physiologic change. With 

naive subjects, it would be best to devote several more 

instructional and practice sessions across a longer time 

interval than this study allowed to provide more time for 

the subjects to develop both their confidence and imagery 

ability. Given sufficient funds, it is recommended that 

subjects be housed in a well structured and supervised 

environment during the study to minimize variability in white 

cell count from external sources. Monitoring and adjusting 

for these across a six—week interval in this study presented 

major problems. 

A disadvantage of the current research design is that 

there is no way to demonstrate learning the task of imagery. 

Future researchers are advised not only to utilize a pre-

treatment measure of imagery, but also to select subjects 

that demonstrate good imagery skills. 

Lastly, but very importantly, come to mind the words of 

Dr. Jeanne Achterberg (1979, p. 9) regarding the use of 

sophisticated statistical technology to relate psychological 

and medical information in cancer research: "Because the 

answers and interpretations are complicated, a new breed of 

individual will need to emerge from our ranks if the results 

are to ever become more than a curiosity. Those individuals 
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perforce will need to be conversant in at least four disci-

plines: medicine, physiology, psyhology, and statistics; so 

that not only will the mental and physical response to treat-

ment and disease be understood, but also so that the inter-

relationship between these aspects can be comprehendable." 
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Appendix A 

General Health Questionnaire 

N a m e Initials Age Sex: F M 

Have you ever had training in biofeedback, relaxation, 

transcendental meditation, yoga or meditation? 

Y e s N o I f yes, give dates and type of training. 

No Are you presently taking any medications? Yes 

If yes, please give name of medication and dosage. 

Name Dosage/Per Name Dosage/Per 

1- 4. 

2 • 5. 

3 - 6. 

Do you drink alcoholic beverages? Yes No If 

yes, please indicate the average amount per week: 

Do you smoke? Yes No if yes, what is the 

average number of cigarettes you smoke in a day? 

Personal History: Please answer all questions. Please 

give date on all positive answers. 

Have you had? Yes No If yes, give dates 

Scarlet Fever 

Measles 

German Measles 

Mumps 

Chicken Pox 

Malaria 
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Yes No Dates 

Surgery 

Appendectomy 

Tonsillectomy 

Hernia Repair 

Allergy or Sensitivities 

High or Low Blood Pressure 

Stroke 

Heart Attack 

Tumor, Cancer, Cyst 

Jaundice 

Hay Fever 

Asthma 

Arthritis 

Epilepsy 

Skin Problems 

Pneumonia 

Stomach or Intestinal Problems 

Recurrent Diarrhea 

Frequent Urination 

Vaccinations: Date of Last Injection 

Polio 

Tetanus 

Flu 

Tuberculi 
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In the last 12 months have you had any of the following? 

Give dates and number of times. 

Yes No Dates 

Sore Throat 

Flu 

Fever 

Infection from cuts 

Colds 

Diarrhea 

Arthritis 

Bronchitis 

Inflammation 

Sinus Problems 

Hay Fever 

Vaginal Infection (women) 

Allergy 

Urinary Infection 

Women Only: When did your last menstrual period begin? 

(date) 

Height Weight Blood Pressure 
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Appendix B 

Height and Weight Limits 

Height Weight Height Weight 
Feet Inches Feet Inches 

4 10 159 5 9 210 

4 11 163 5 10 216 

5 0 167 5 11 222 

5 1 171 6 0 228 

5 2 174 6 1 233 

5 3 179 6 2 239 

5 4 184 6 3 246 

5 5 190 6 4 254 

5 6 195 6 5 261 

5 7 200 6 6 269 

5 8 205 

Note. Adapted from the Allstate Insurance Company, 1982. 
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Appendix C 

Informed Consent 

state that I am over 18 years 
of age and wish to participate in a program of research 
being conducted by Carol R. Myers, M. A., Doctoral 
Student, Department of Psychology, North Texas State 
University. I understand that the primary purpose of 
the research is to study the effects of relaxation ima-
gery on blood function. I also understand that the 
purpose of the research is to relate physiological fac-
tors to psychological factors. 

I understand that the experiment will involve a total 
of six (6) sessions conducted over a six week period. 
Blood samples (6) will be drawn by fingerstick under 
the supervision of a medical physician on all subjects. 

I also understand that electronic instruments (EMG and 
thermister) will be used to monitor muscle tension and 
skin temperature and that neither of these involve 
medical diagnosis or treatment. 

Further, I understand that the research will be done 
anonymously and that I may request a copy of the 
results of the study when completed. 

I understand that my participation in this study is 
entirely voluntary and that I may decline to enter this 
study or may withdraw from it without jeopardy. I 
understand that the investigator may drop me from the 
study as long as it is not detrimental to me. 

The study has been fully explained to me and I have 
carefully read and understand the agreement, therefore 
I freely and voluntarily consent and agree to participate 
in this study. If I have any further questions, I can 
contact Carol R. Myers at 723-6962 or 322-8395. 

Subject's Name 

Subject's Signature 

Witness Signature 

Date 
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Appendix D 

Brief Health Questionnaire 

N a m e — — Age Sex: Female Male 

Date 

1. Do you presently have or have you 
had within the last three days an 
infection and/or fever? 

If yes, please describe. 

2. Are you currently taking or have you 
taken in the last three days any 
marijuana, medication, or drugs other 
than vitamins, birth control pills, or 
Tylenol? 

If yes, please list: 

Do you believe you are currently in 
good helath and free of active disease 
symptoms? 

If no, please explain. 

Has your diet been about normal for you 
over the last three days? 

If no, please explain. 

Have you experienced in the last week 
emotional or physical stress or trauma 
that you consider to be a crisis in 
nature? 

Have you exercised vigorously in the 
last 24 hours? 

Yes No 

In the last 60 minutes? 
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7. Are you sunburned from being outside? 

8. Have you gotten your average night's 
sleep for the past three nights? 

9. For females only: Are you currently 
menstruating? 
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Appendix E 

Daily Intake Record 

Name Date 

Please list below all foods, nonalcoholic beverages, 

alchohol, medication and drugs ingested, inhaled, or 

injected since you got up this morning. List each food, 

drink, or medicine at the time closest to that which you 

ate, drank, or took medicine. List both type and amount 

of acohol and type and dosage of drugs. 

Time of 
Day Food/Nonalcoholic Drink 

Alcohol 
Type/Amount 

Medicine 
Type/Dosaqe 

6:00 AM 

7:00 

8:00 

9:00 

10:00 

11:00 

12:00 

1:00 PM 

2:00 

3:00 

4:00 

5:00 

6:00 

7:00 
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Appendix F 

Tally Sheet 

While you are waiting for your second blood sample to be 
taken, please take an inventory every 30 minutes and record: 

1. How many cigarettes you 

have smoked, if any. 

2. How many cups of coffee 

you have drunk, if any. 

3. How much alcohol you have 

drunk, if any. 

4. How anxious you have felt 

on a scale of 1 to 5, with 

1 representing relaxation 

and 5 representing extreme 

anxiety. 

Cigarettes Coffee Alcohol Anxiety 

30 min. 

60 min. 

90 min. 

120 min. 
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Appendix G 

Table 17 

Source 
of 

Table Means and Standard Deviations 
Biofeedback EMG Across Trials 

Group 
Experimental Trials 

Group 1 2 3 

Increase 

Mean 1.99 1.67 1.46 

SD .61 .82 .30 

Decrease 

Mean 2.29 1.86 1.71 

3D .75 .62 .38 

Control 

Mean 2.87 2.10 2.23 

SD 1.28 .86 .96 

Note. Presented in Microvolts 
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Appendix H 

Table 18 

Group 

Source Table Means and Standard Deviations 
Temperature Biofeedback Across Trials 

Experimental Trials 

Increase 

Mean 83.47 91.40 91.21 

SD 6.95 2.17 2.56 

Decrease 

Mean 87.34 90.37 93.19 

SD 5.29 5.04 2.08 

Control 

Mean 88.57 90.22 93.11 

SD 3.47 4.72 2.05 

Note. Presented in Degrees Fahrenheit 
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Appendix I 

Table 19 

Summary Table Means and Standard Deviations 
State Portion of STAI Across Trials 

Experimental Trials 
Group 1 2 3 

Increase 

Mean 32.20 34.40 28.30 

SD 7.00 13.18 7.06 

Decrease 

Mean 28.00 30.11 27.44 

SD 5.24 6.64 8.55 

Control 

Mean 33.89 35.44 28.11 

SD 9.62 10.77 4.17 

Note. Norm for Undergraduates is a mean of 36 with a 
standard deviation of 9 (Manual for Administering the STAI 
(Consulting Psychologists Press, Palo Alto, California). 
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Appendix J 

Table 20 

Summary Table of Means and Standard Deviations 
for Pre Blood Samples Across Trials 

Increase Trials Decrease Trials Control Trials 
1 2 3 1 2 3 1 2 T 

WBC 

Mean 8410 

SO 1106 
8940 

1213 
8630 

1619 
8667 

1292 
8800 

1625 
9522 

1193 
8922 

912 
8911 

1550 
9079 

779 

Di fferential* 

Neutrophil 

Mean 58.90 

SD 8.37 
62.30 

4.85 
58.10 

6.01 
58.78 

4.97 
61.56 

4.85 
60.78 

5.87 
59.66 
7.53 

59.89 

7.64 
61.22 

7.46 

Lymphocyte 

Mean 34.50 
SD 7.60 

33.40 
4.93 

38.30 
5.98 

36.22 
5.04 

34.67 
4.90 

36.22 
6.74 

35.22 
7.89 

36.00 
8.90 

35.67 
7.63 

Monocyte 

Mean 4.10 
SD 1.79 

3.20 
1.40 

2.40 
1.58 

3.00 
1.94 

1.89 

1.05 
1.67 
1.94 

3.11 
1.54 

1.67 
1.58 

2.00 
0.87 

Basophil 

Mean 0.20 
SD 0.42 

0.00 

0.00 
0.10 
0.32 

0.00 

0.00 
0.00 
0.00 

0.11 
0.33 

0.11 

0.33 
0.00 
0.00 

0.22 
0.44 

Eosinophil 

Mean 2.40 
SD 1.84 

1.20 
0.92 

1.00 
1.30 

2.00 
1.65 

1.88 
0.27 

1.00 
1.33 

1.78 
1.71 

2.77 
2.05 

1.00 
1.50 
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RBC x 103 

Mean 4602 4464 4491 4486 4452 4414 4693 4419 4540 

SD 392 272 271 422 469 420 411 375 435 

HCT 

Mean 43.01 39.90 42.89 42.28 40.48 42.64 44.16 40.89 44.20 

SD 3.55 2.57 2.72 2.82 3.62 3.60 5.24 4.23 4.79 

HGB 

Mean 14.56 14.27 14.41 14.30 14.64 14.81 14.58 14.41 14.94 

SD 1.33 1.03 .97 .89 1.34 1.28 1.83 1.66 1.87 

•Expressed as percentage of total WBC. 
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Appendix K 

Table 21 

Summary Table of Means and Standard Deviations 
for Post Blood Samples Acrpss Trials 

Increase Trials 
1 2 3 

Decrease Trials 
1 2 3 

Control Trials 
1 2 3 

WBC 

Mean 8530 
SD 950 

9250 
1053 

9200 
1332 

8500 
1208 

8879 
1132 

10267 
1379 

8833 
892 

8811 
1450 

9411 
1027 

Differential* 

Neutrophil 

Mean 58.00 
SD 8.35 

59.90 
5.82 

55.10 
6.19 

56.89 
5.28 

59.11 
3.66 

59.22 
4.02 

59.67 
7.00 

57.44 
6.21 

60.44 
4.95 

Lymphocyte 

Mean 37.20 
SD 6.70 

36.00 
5.16 

40.00 
4.92 

38.44 
3.43 

37.22 
4.32 

36.44 
5.29 

35.44 
6.93 

38.22 
6.76 

35.67 
5.10 

Monocyte 

Mean 3.10 
SD 1.85 

2.40 
1.84 

2.30 
1.95 

3.22 
1.48 

2.56 
1.87 

2.55 
1.59 

3.33 
1.73 

2.56 
1.01 

2.44 
1.50 

Basophil 

Mean 0.00 
SD 0.00 

0.00 
0.00 

0.30 
0.48 

0.22 
0.44 

0.00 
0.00 

0.11 
0.33 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

Eosinophil 

Mean 1.70 
SD 1.57 

1.40 
1.71 

1.30 
1.42 

1.67 
2.18 

1.00 
.87 

1.78 
2.05 

1.56 
1.42 

1.33 
1.73 

1.44 
1.50 
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RBC x 103 

76 

o n a n 4 S 4 ! 5 4 4 4 6 8 4 5 0 8 4 4 « 4602 4394 4532 
SD 308 253 261 349 443 348 477 394 450 

HCT 

^ n 3 n 4 1 , 4 9 4 0 , 8 3 4 3 , 1 0 4 3 , 7 7 4 0 - 2 7 4 4 . 0 8 
SO 3 . 2 5 2 . 0 8 2 . o l 2 . 2 7 3 . 1 6 3 . 1 1 5 . 9 5 4 . 5 9 5 .57 

HGB 

9 n d n 1 f * ^0 1 4 , S 1 4 , 0 6 1 4 , 6 3 1 4 , 8 7 1 4 , 6 0 1 4 - 3 2 1 4 - 9 1 
SD 1 .09 1 .04 1 . 0 3 . 85 1 . 2 6 1 .03 1 .93 1 .70 1 .93 

*Expressed as percentage of t o t a l WBC. ' 
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Appendix L 

Table 22 

Source Table Repeated Measures ANOVA 
Pre-to-Post Change Scores WBC, 

Neutrophils, RBC, HCT, HGB 

Source SS DF MS F Prob 

WBC 

Tests of Significance for Group Effect 

Within Cells 
Constant 
Group 

18. 
3. 
1. 

16814 
52190 
16328 

25 
1 
2 

0.72673 
3.52190 
0.58164 

4. 
• 
84626 
80036 

.037 

.460 

Tests of Significance for Sess ion Effect 

Within Cells 
WBC 
Group by WBC 

31. 
5. 
• 

52451 
29166 
83048 

50 
2 
4 

0.63049 
2.64583 
.20762 

4. 
0. 

19647 
32930 

.021 

.857 

Neutrophils 

Tests of Significance for Group Effect 

Within Cells 17. 
Constant 
Group 

34403 25 
19048 1 
03215 2 

.69376 

.19048 

.01608 
.27456 
.02317 

.605 

.977 

Tests of Significance for Session Effect 

Within Cells 27. 
Neutrophils l. 
Group by Neutrophils . 

20339 50 
01238 2 
81754 4 

.54407 

.50619 

.20439 
.93038 
.37566 

.401 

.825 

RBC 

Tests of Significance for Group Effect 

Within Cells 
Constant 
Group 

74539 25 
00100 1 
08098 2 

0.02982 
0.00100 
0.04049 

3.76345 
1.35797 

.856 

.276 
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Source SS DF MS F Prob 

RBC 

Tests of Significance for Session Effect 

Within Cells 
RBC 
Group by RBC 

1.05509 
0.15883 
0.00521 

50 
2 
4 

0.02110 
0.07942 
0.00130 

3.76345 
0.06177 

HCT 

.030 

.993 

Tests of Significance for Group Effect 

Within Cells 
Constant 
Group 

69. 
1. 
2. 

76550 
92012 
17770 

25 
1 
2 

2.79062 
1.92012 
1.08885 

.68806 

.39018 
.415 
.681 

Tests of Significance for Sess ions Effect 

Within 
WBC 
Group by HCT 

83. 
17. 
7. 

48679 
41809 
96176 

50 
2 
4 

1.66974 
8.70904 
1.99044 

5.21582 
1.19207 

.009 

.326 

HGB 

Tests of Significance for Group Effect 

Within 
Constant 
Group 

6. 
• 

• 

12300 
03048 
15986 

25 
1 
2 

.24492 

.03048 

.07993 
.12443 
.32635 

.727 

.725 

Tests of Significance for Sess ion Effect 

Within Cells 
HGB 
Group by HGB 

8. 
• 

• 

76178 
70167 
64322 

50 
2 
4 

.17524 

.35083 

.16081 
2.00207 
.91765 

.146 

.461 
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