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Life events and one's ability to adapt to these events 

has significant effects on immune functioning. Immunosuppres-

sion has been related to a high magnitude of life stress and 

low adaptive ability. While studies have explored immune 

response in stressed individuals, no study has approached 

the area of prevention with low-immunity individuals. The 

purpose of this study was to investigate whether subjects 

who self-report stressful lives have lower immunity, and 

whether "low" immunity subjects under "high" stress could 

enhance phagocytic activity through biofeedback-assisted 

relaxation. 

During Phase 1, 41 healthy subjects volunteered. An 

Adaptation of the Social Readjustment Rating Scale and the 

Stress-Coping Rating Scale were used to assess "high" and 

"low" stress. Immunity assessments included: white blood 

cell count, white blood cell differential and nitroblue 

tetrazolium test (NBT). Percent scores above and below the 

group average (n = 41) on NBT were used to classify "high" 

and "low" immunity. 

Significant chi-square analysis (chi-square = 3.8624; df = 

1; £<.05) showed subjects with "high" stress had "low" immunity. 



Sixteen subjects, 10 men and 6 women, categorized as "high" 

stress and "low" immunity continued into Phase 2 of the study. 

Second blood samples and assessments of stress and coping 

commmenced. Subjects were randomly assigned to experimental 

and control groups. Experimental treatment was biofeedback-

assisted relaxation.(BAR). Subjects were trained, individually, 

to biofeedback criteria (EMG frontalis<1.2 microvolts, and 

hand temperature—95 degrees). Criteria being met, experi-

mental and control subjects were assessed again. 

Following treatment, NBT findings showed significant 

increases (£C.0003) for experimental subjects. WBC and 

white blood cell differential were unchanged across blood 

samples. BAR was concluded to have improved phagocytic 

functioning. BAR affected the quality, rather than the 

quantity, of phagocytic neutrophils. Significantly, 

experimental subjects reported decreases in tension-anxiety 

(POMS) and an increase in overall coping. While mediating 

variables between relaxation and immunity are unknown, it is 

speculated that lowered autonomic arousal enhanced the oxidation 

process of phagocytosis and/or uncreased membrane permeability 

of lysosomes. 
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BIOFEEDBACK-ASSISTED RELAXATION TRAINING: EFFECTS ON 

PHAGOCYTIC IMMUNE FUNCTIONING 

Diseases of lifestyle have become the number one health 

problem in the last decade in postindustrial nations. 

According to Pelletier (1977) most medical textbooks attrib-

ute 50 to 80% of all disease to psychosomatic or stress 

related origins. "Psychosomatic" refers to complaints which 

persist even though traditional diagnostic assessments find 

no etiology and/or no available cure. Preventively, infec-

tious diseases have been combatted through the discovery of 

vaccines, while existing infections are remedied through 

antibiotics. Psychosomatic disorders do not afford such 

specific cures. When patients with psychosomatic disorders 

visit a physician's office, rather than being given specific 

remedies to eliminate their disease they are usually given 

medications which attempt to control the symptoms, told to 

alter their lifestyle and to relax. 

Emphasis on medicine over the last several decades has 

been on treating symptoms. Preventive medicine has taken a 

back seat. With increasing costs of health care and the 

belief that the stress of life contributes to the pathogene-

sis of disease many individuals have become preoccupied with 

healthier ways of living. Researchers have begun to study 

the relationships of stress and disease. Increasing 



evidence indicates immune functioning and psychosocial 

factors to be related. 

Stressors, or life events, have been quantified and 

related to changes in health (Holmes & Rahe, 1967). The 

correlation between increased stressful events and an 

increase in a person's susceptibility to, or an aggravation 

of, the disease has been studied (Jacobs, Spilken, & 

Norman, 1969; Jacobs, Spilken, Norman, & Anderson, 1970). 

Statistical evidence indicates a positive association 

between the degree of exposure to psychosocial stressors 

and the morbidity in various diseases. 

One psychosocial variable which may affect immune 

response is coping ability. Rather than the number or types 

of stressors being important in changing immune function, 

and thus health status, it appears that perhaps one's 

ability to cope with life change is more important. In 

this area a few studies have related decreased coping 

ability to factors related to disease and changes in immune 

response (Locke, Hurst, Heisel, Kraus, & Williams, 1979; 

Roessler, Cato, Lester, & Couch, 1979). 

It is understood that many of the stressors one 

encounters are ambiguous, undefined, prolonged, or accumu-

lated because several sources of stress exist simultaneously, 

causing the individual's normal adaptive reaction to clear 

and identifiable stress to malfunction. Selye (1980) 

defines stress as the "nonspecific" response of the body to 



any demand. He describes a three-stage process of the 

manifestations of the body's mechanism against diverse 

stressors or stimuli, known as the General Adaptation 

Syndrome (GAS). Briefly described, when an individual 

encounters exposure to diverse stimuli to which he/she is 

not adapted, the individual reacts with alarm, the initial 

and immediate reaction to the stimuli. Typically, physical 

signs of the Alarm Reaction, Stage 1 of the GAS are tachy-

cardia, loss of muscle tone, decreased peripheral temperature, 

and decreased blood pressure. This is followed by a rebound 

phase of Stage 1 where the individual mobilizes defenses, 

during which the adrenal cortex is enlarged and secretion 

of corticoid hormones is increased. Part of this first 

stage is familiar in its most classic form: the fight or 

flight response documented first by Cannon and de la Paz 

(1951). Physiologically, the fight or flight response 

involves over 1,400 physiochemical changes which can be 

activated to varying degrees (Wilson & Snider, 1980). The 

alarm reaction is a self-protective function preparing the 

individual to cope with the stimuli and is characterized by 

sympathetic arousal and increased muscle tone. This pro-

cess is followed by Stage 2 or the Stage of Resistance. 

Here the individual adapts to the stressor(s) and there is 

consequent improvement or the disappearance of symptoms. 

At this stage, however, there is a concurrent decrease in 

resistance to additional stimuli, including the ability to 



cope with ongoing or increased environmental stressors. 

This phase is the cumulative result of many unresolved fight 

or flight responses. With repeated failures to adapt to or 

reduce the incoming stimuli, the individual experiences 

progressively more physiopathology in their functioning. 

The ability to adapt is finite and if the stressor(s) is 

sufficiently severe or prolonged, the individual enters the 

Stage of Exhaustion. In this third stage, a specific end 

organ pathology becomes symptomatic, resulting in overt 

disease and, if the stress continues unabated, death ensues. 

Because the stress response is a general adaptation 

phenomenon which involves the whole organism, there is no 

single mechanism explaining its ultimate effects on man. 

To complicate matters in an age when stressors are unclear 

challenges in life, rather than well defined survival 

struggles with predators, there is often not the opportunity 

for the fight or flight mechanism to reach climax and return 

to baseline. Often the fight or flight stimulation is due 

to psychological or psychosocial events in which clear and 

concise remedies are not always available. Our social 

conditioning and the sheer number of stressful conditions 

in the environment preclude an effective return to base-

line functioning after even minor activations of the stress 

response (Wilson & Snider, 1980). During the State of 

Resistance, the individual often experiences fatigue, 

increased incidence of colds and influenza, as well as 



bacterial infections, as the result of immunosuppression. 

Immunosuppression is caused by enormous expenditures of 

adaptive energy, continued skeletal muscle bracing and the 

consequent hyperstimulation in thyroid and adrenocortical 

secretions (Wilson & Snider, 1980). 

In humans, stress and emotional distress influence the 

functioning of the immunological system via the central 

nervous system and endocrine mediation (Solomon & Amkrat, 

1972). Studies placing human subjects under various 

stressors have demonstrated suppression of one or more 

facets of the immune system: marathon running (Ruuskanen, 

Soppi, Viljanen, Toivonen, & Kouvalainen, 1978), space 

flight (Fischer, Gill, Daniels, Cobb, Berry, & Ritzmann, 

1972), thermal stress (Buhring, Bork-Wolwer, & Krippner, 

1978), stressful vigil (Palmblad, Cantell, Strander, 

Frogerg, Karlsson, Levi, Granstrom, & Unger, 1975), and 

bereavement (Barthrop, Lazarus, Luckhurst, Kiloh, & Penny, 

1977). These studies, and others like these, correlated 

the effects of stressful events on the immunological system. 

Other studies also have demonstrated that individuals who 

report high levels of stressful events in their lives are 

more disease prone and take longer to recover (Jacobs 

et al., 1970; Rahe et al., 1964). 

Biofeedback and relaxation have been shown to be 

effective treatment measures in the reduction and symptom 

elimination of various physical and psychological disorders 



(Basamajian, 1979; Fotopoulos & Sunderland, 1978; Pinkerton, 

Hughes, & Wenrich, 1982). Why these individual's disease 

symptoms diminished or disappeared was explained as lowered 

general arousal level (Schwartz, 1975). Relaxation or 

parasympathetic activity decreased the secretion of adrena-

lin allowing the normal adaptive reaction to stress to 

return to baseline. 

The present study has reviewed the literature giving 

supportive evidence that learning the relaxation response 

may have an effect on the immunological response. Areas of 

literature reviewed cover corticosteroids and immunological 

function, psychological and physical stressors and immuno-

logical response, psychosocial stressors and coping ability 

in illness behavior and immunological reaction, and 

biofeedback and relaxation training to produce lowered 

arousal and to treat psychosomatic disorders. Following 

the literature review, a brief discussion of white blood 

cells, phagocytic immune functioning, and nitroblue 

tetrazolium testing is given. 

Corticosteroids and Immunological Function 

Several immunosuppressive effects of corticosteroids 

have been observed to occur in man. Many studies have 

administered a form of corticosteroid and observed the 

effects on the immune system. Decreased immunoglobulin 

production, especially IgG occurred in subjects given 96 mg 

of methylprednisone daily in divided doses over a 5-day 



period (Butler & Rossen, 1973). Impaired expression of 

cutaneous delayed hypersensitivity response to tuberculin 

was found with the administration of prednisone (Bovornkitti, 

Kangsodal, Sathirapat, & Oonsombatti, 1960). Mild lympho-

cytopenia has been observed when subjects were injected 

intravenously with single doses of ACTH or epinephrine 

(Frank & Dougherty, 1953), orally administered prednisone 

(Yu, Clements, Paulus, Reter, Levy, & Barnett, 1974), and 

intravenously given single doses of hydrocortisone (Fauci & 

Dale, 1974). Monocytes and differential effects on in vitro 

stimulation with various mitogens and antigens with sub-

populations of leukocytes were studied by Fauci & Dale 

(1974). Findings showed decreased monocytes and decreased 

response to concanavalin A (Con A) and pokeweed. Responses 

to antigens streptokinase-streptodornase and tetanus toxoid 

was markedly diminished. 

In a review article Thompson and Lippman (1974) 

reported glucocorticoids can inhibit the adherence of white 

blood cells to the endothelium of the blood vessel wall 

and the diapedsis of leukocytes was reported. Bellanti 

(1978) discussed the impedence of neutrophil adherence and 

chemotaxis with steroid administration. An increase in 

immature band cells was reviewed as well as a decrease in 

the half-life of neutrophils. It appeared that the early 

stages of phagocytosis were affected by glucocorticoids in 

neutrophils. However, when pharmacological doses of 
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corticosteroids were administered, suppression of engulfing, 

enzyme release or intracellular killing of foreign particles 

(Bellanti, 1978) was not seen. The evidence regarding 

stabilization of lysosomal membrane by steroids was not 

conclusive with in vitro tests. In vivo lysome membrane 

stabilization may occur. Reduction in the leukocyte 

eosinophils has been repeatedly shown in in vivo studies 

with glucocorticoid administration (Hill, Forsham, & Finch, 

1948). 

Corticosteroids at high enough levels in vitro can 

suppress many immune functions. With in vivo administration 

of steroids at pharmacological doses suppresssion in white 

blood cell function occurred more selectively. 

Psychological and Physical Stressors 

and Immunological Response 

The effects of psychological and physical stressors 

have been observed to show decreases in various facets of 

immune functioning while plasma Cortisol levels, when 

measured, did not always increase. Bartrop et al. (1977) 

investigated the effects of bereavement on cell-mediated 

and humoral response, and on endocrine reactions in compari-

son to normals (not bereaved within the previous 24 months). 

T and B lymphocyte numbers and functions and hormone 

concentrations were taken 2 weeks after bereavement and 6 

weeks thereafter. No difference was found between the 

bereaved group and controls for T and B cell numbers, 



immunoglobulins, the presence of autoantibodies, or delayed 

hypersensitivity. Cortisol, prolactin, growth hormone, and 

thyroid hormone showed no difference between groups. 

Differences (£ < .05) were found between groups in immune 

responsiveness in vitro stimulation to phytohemagglutinin 

(PHA) at 10 and 20 mg/ml dosages and concanavalin A at 5 

and 50 mg/ml dosages. This study demonstrated that T-cell 

function was significantly depressed as tested by E-

rosetting, while abnormalities in B cells or their func-

tioning was not found. Schliefer, Keller, McKegney, and 

Stein (1980) reported on two studies on bereaved subjects. 

The first study looked at prebereavement immunological 

functioning compared to 5 and 7 weeks postbereavement. The 

second study compared subjects at 2 and 3 week post-

bereavement compared to normals. Subjects in both studies 

showed no difference in the number of T and B lymphocytes. 

Significant immunosuppression was seen, however, with 

lymphocyte stimulation to mitogens, PHA, and pokeweed 

in both bereavement groups. 

Other experiments indicated stress appears to take its 

toll on the T cell in cell-mediated functioning. NASA 

Skylab Programme demonstrated depression of lymphocyte 

transformation to mitogens and rosette formation with 

astronauts in flight (Fischer et al., 1972) and on the day 

of the splashdown (Kimzey, Johnson, Ritzman, & Mentel, 

1976). White blood cells were elevated at recovery as were 
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the percentage of circulating T-lymphocytes and number of 

polymorphonuclear leukocytes. A transient decrease of 

T-lymphocytes in peripheral blood was observed when healthy 

volunteers were immersed in hot water baths (Buhring et al. , 

1978). Total lymphocytes remained unchanged. During the 

course of the bath, a decline in the mean relative T-

lymphocyte count corresponded with an increase in the mean 

relative B-lymphocyte count. A strict correlation was seen 

between pulse rate and water temperature during the course 

of the bath, indicating sympathetic arousal. The relation-

ship of T and B cells returned to prebath levels within 60 

minutes of the bath when body temperature returned to 

normal. 

The effect of marathon running (2.5 hours) on the num-

bers and function of lymphocytes, plasma Cortisol, and 

leukocyte levels was investigated (Ruuskanen et al., 1978). 

Marathon running did not change the numbers of lymphocytes; 

however, in vitro mitogen reponsiveness to PHA, Con A, and 

PPD did depress significantly. Elevation in plasma 

Cortisol levels was seen in all runners and showed an 

inverse relationship with mitogen responsiveness. The 

lymphocytopenia was transient and returned to normal within 

24 hours. Plasma Cortisol was normal after 24 hours 

marathon running. Granulocytosis was seen in all marathon 

runners though antibody formulation to a booster of tetanus 

toxoid had no effect. 
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Other facets of the immune system have been studied in 

response to stressors. During a strictly controlled 77-hour 

vigil in which the stressor procedure included shooting 

range firing practice with tape recorded battle noise, the 

production of interferon in circulating lymphocytes, the 

phagocytic rate of blood polymorphonuclear leukocytes (PMN), 

and monocytes were measured (Palmblad et al., 1979). 

Adrenalin, noradrenalin, and Cortisol levels were noted. 

Results indicated the interferon producing capacity of 

lymphocytes elevated during the study and remained high 

throughout the experiment. Phagocytosis dropped early in 

the vigil, rose again during the vigil, and 5 days after the 

vigil it exceeded preexperiment levels. No conclusive 

relationship was seen between adrenal cortical and medullary 

hormones and PMN or phagocytosis. Utilizing the same vigil 

stress situation (75 hours), Palmblad, Karlsson, Levi, & 

Lidbert (1979) studied the vigil effect on the erythrocyte 

sedimentation rate (ESR). The results showed an increase 

in ESR during the vigil. ESR is measured to determine if a 

pathological condition is in process in the body, though 

specific information can not be derived as to the nature of 

the process. Thus, it appears that a vigil stress situa-

tion produced ESR levels which were usually assumed to be 

indicative of pathology. 

The effects of various stress situations generally 

seemed to produce alterations in the cell-mediated division 
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of the immune system. The functioning capacity of the 

leukocytes appeared more relevant than the absolute count of 

leukocytes in stressful situations. Plasma Cortisol levels 

are not always elevated when suppression of the immune 

system is observed. 

Psychosocial Stress and Coping Ability in Illness 

Behavior and Immunological Reaction 

Research examining the relationship of life events and 

illness onset has been conducted by Rahe and his colleagues. 

Clusters of psychosocial events requiring change in ongoing 

life adjustments were significantly associated with the time 

of illness onset (Rahe & Arthur, 1968; Rahe, Bennett, Romo, 

Siltanen, & Arthur, 1973; Rahe, Meyer, Smith, Kjaer, & 

Holmes, 1964). Using such instruments as the "Schedule of 

Recent Experience" and the "Social Readjustment Scale" they 

consistently found that frequency and intensity of life 

changes were associated with periods of illness. A lower 

incidence of psychosocial changes were consistently observed 

during periods of good health. Through prospective and 

retrospective studies with large samples, they found that 

the greater the distress intensity of experiences events, 

as measured by the degree of readjustment (Holmes & Rahe, 

1967) , the greater the likelihood of health change. 

Another approach to the onset of illness has been 

studied in seriously ill individuals, usually in a hospital 

setting (Engel, 1968; Engel & Schmale, 1967; Schmale & 
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Engel, 1967). The process they describe as "giving-up/ 

given-up" is specified as a period of psychosocial disturb-

ance with which the individual feels unable to cope. The 

inability to cope with one's life setting is characterized 

by a sense of defeat; lowered self-esteem; hopelessness or 

helplessness; diminished satisfaction in one's role or 

relationship with others; a feeling of disruption or life 

continuity between past, present, and future; and/or a 

reactivation of memories of earlier periods of giving-up. 

These researchers emphasized that the important variable 

is not the external situation, but how the individual 

responds to the life event. 

The relationship between life change and respiratory 

illness has been reported in two studies with college 

students (Jacobs et al., 1968; Jacobs et al., 1970). In 

both studies it was found that the degree of incapacitation, 

due to illness, was positively associated with frequency of 

reported previous life stress and the manifest unpleasant 

effect of these situations. The more serious the respira-

tory disorder, the more often role crisis, failure, and 

alienation were reported to have occurred during the year 

preceding onset of symptoms and request for treatment. 

Ego strength, as measured by the Baron Ego Strength Scale 

and the Meeker LH-4 Scale of the MMPI, was correlated with 

rate of recovery from infectious mononucleosis. Signifi-

cantly lower ego strength was correlated with the long 
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recovery group while higher ego strength related to short 

recovery. McClelland and Jemmott (1980) , looking at illness 

prone behavior, found that students reporting a large number 

of life events in the previous 6 months also reported 

significantly more frequent and more severe physical illness 

and more affective symptoms in the same period. Subjects 

who scored high on the need for power, high on inhibition, 

and high on the number of power stressors also reported more 

severe physical illness and affective symptoms than subjects 

who scored lower on any of the three dimensions. In a 

predictive study within a work environment, Canter, Imboden, 

and Cluff (1966), found that psychological vulnerability was 

significantly related to the frequency of visits to a 

medical clinic. Vulnerability was operationally defined in 

terms of responses to the hypochondriasis, moral-loss, and 

ego strength scales of the MMPI as well as the "Cornell 

Medical Index." Vulnerability was also found to correspond 

to hypersensitive reactions to immunization procedures 

(Canter, Cluff, & Imboden, 1972). A higher percentage of 

those determined as vulnerable using the ego-strength and 

hypochondriasis scales of the MMPI and the "Cornell Medical 

Index" were judged by a physician to have a definite hyper-

sensitive reaction than those in the nonvulnerable group. 

One study has looked at the effects of a "naturally" 

occurring stressful event and measured immunity (Dorian, 

Keystone, Garfinkel, & Brown, 1981). Psychiatric residents 
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were studied before and after a major qualifying exam. 

Experimental subjects were compared with a control group of 

physicians matched for age and sex but not undergoing the 

exam. Experimental subjects were asked to rate the level of 

distress related to the exam. Two blood samples from exper-

imental and control subjects were drawn 10 to 14 days prior 

to the exam. Ten to 14 days following the exam two blood 

samples were again drawn. Results indicated lymphoblast 

transformation was significantly diminished in experimental 

subjects before the exam as compared to the controls and rose 

to levels higher than the controls after the exam. When 

experimental groups were divided between high and low dis-

tress, high stress individuals showed a decrease in the 

number of circulating T-lymphocytes. Locke (1982) 

speculated that the observed difference between high 

stressed experimental subjects and low stressed controls 

might be autonomically controlled. These studies pointed 

to a correlation between hypersensitivity of the immune 

system and an individual's ability to cope with his/her 

environment. 

Several studies investigated the relationship of 

life events, affective states, and immunological function-

ing. In follow-up research, McClelland, Floor, and 

Davidson (1980) studied individuals high in the need for 

power, high in inhibition, and high on the number of power 

stressors. Results again showed these individuals reported 
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more frequent and severe illness and showed above average 

epinephrine excretion rates in urine and below average 

immunoglobulin A in saliva. Their findings led them to 

conclude that a strong need for power, if it is inhibited 

and stressed, leads to chronic sympathetic overactivity. 

The overactivity leads to an immunosuppressive effect making 

these individuals more susceptible to illness. 

Roessler, Cato, Lester, and Couch (1979) followed 

subjects vaccinated against influenza for changes in anti-

body titer and related these to measurements of ego strength 

and life events. The study was double blind since placebo 

vaccinations were also performed. It was found that the 

combination of high measures of ego strength and low life 

events were related to high antibody titer. No relationship 

was observed between scores on the "Schedule of Recent 

Events" and the "Profile of Mood States" (POMS), and 

hemagglutination inhibition titer (Locke & Heisel, 1977). 

The authors postulated that the major impact of stress and 

emotions is on the cellular as opposed to the humoral 

immune system. Taking this into consideration, Locke, 

Hurst, Heisel, Kraus, & Williams (1979) measured the 

natural killer cell activity (NKCA) in association with the 

"Social Readjustment Rating Scale" (SRE) score, "Hopkins 

Symptom Checklist," and MMPI. The study correlated NKCA 

with high and low life change and high and low symptom 

reporting. High NKCA was associated with low symptom 
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reporting and with high life change, while low NKCA was 

correlated with high symptom reporting and high life change. 

Subjects with low NKCA showed more pathology in all 10 

clinical scales of the MMPI. It was concluded that the 

ability to cope with feelings aroused by change in life 

events over a 1-year period is a determinant of natural 

killer cell activity. Green, Betts, Ochitill, Iker, & 

Douglas (1978) studied the effects of a drug given subjects 

who were nasally administered influenza virus. Measures of 

symptoms and signs, the "Schedule of Recent Events" (SRE), 

and the "Profile of Mood States" (POMS) were taken. 

Immunological measures include nasal virus shed, nasal 

wash interferon, and hemagglutination. With 75% of the 

subjects lymphocyte transformation and lymphocyte cyto-

toxity response rates were measured. Results showed the 

score on the SRE correlated with lymphocyte cytotoxity 

(£ < .035), and combined SRE score and Vigor scale of the 

POMS correlated with lymphocyte cytotoxity (£ < .006), and 

hemagglutination (|> < .045). They concluded that not only 

negative, but also positive moods should be included in 

psychological measures, and that not only humoral but also 

cellular immune status should be measured. 

Biofeedback and Relaxation Training 

The fight or flight stress response discussed in the 

introduction of this paper may also be referred to as 

ergotropic response. An equal and opposite response to the 
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ergotropic response is also available in the body. The 

integral mechanism which restores the body to equilibrium 

following stressful episodes was discovered by Hess, a Swiss 

physiologist. Hess termed this response the trophotropic 

response (Fee &Girdano, 1978). The response consists of a 

decrease in frequency and an increase in amplitude of brain 

waves; a decrease in heart rate, respiration rate and 

muscle tension, an increase in peripheral skin temperature, 

and a decrease in anxiety. 

Trophotropic response can be learned and elicited 

during stressful events via learning relaxation (Benson, 

1975). If this response is elicited often enough, a shift 

will occur causing an individual to become more tropho-

tropically dominated than ergotropically dominated (Fee & 

Girdano, 1978). Those persons who habitually elicited the 

trophotropic response characteristically responded to a 

stressful event with greater arousal during the event and a 

rapid return to baseline following the event. Those who had 

not been trained in relaxing, while they did not show as 

great arousal to an event, carried their arousal over after 

the event. This set up a situation where each arousing 

event in a person's day added to the preceding level of 

arousal until anxiety or other psychosomatic disorder 

surfaced (Goleman, 1976). Other researchers have uncovered 

similar evidence of slowed system responsivity in anxious 

and stressed individuals. Malmo (1975) noted that forearm 
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electromyograph (EMG) levels, which had increased to a 

startle response, took considerably longer to return to 

prestimulation levels than normals. Howe (1958) reported 

slower extinction of electrodermal response in anxious 

subjects compared to normals. 

Although the stress response originally evolved as a 

reaction to physical danger, research in psychophysiology 

has generated abundant evidence that this reaction can be 

psychologically triggered (Budzynski & Peffer, 1980). In 

linking stress with disease, the fundamental idea is that 

the individual's characteristic mode of responding to 

environmental stimuli, including the attendent physiological 

pattern, can in predisposed individuals lead to one of a 

variety of disorders (Stoyva, 1976). It has become a common 

observation in psychophysiological research that individuals 

with stress disorders show hyper-reactivity in a particular 

"preferred" system (Sternback, 1964). Even though the 

stressors may vary, an individual will tend to respond 

maximally with the same physiological system. Research by 

Wenger & Cullen (1972) provided evidence that a chronic 

pattern of sympathetic arousal might be implicated in the 

predisposition of a psychosomatic disorder. 

All psychological stress reactions are by definition 

triggered by perceptions. Budzynski and Peffer (1980) 

listed four factors which contribute to stress responding: 

cognitions, overt behavior, environment, and physiology. 
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Overt and covert cognitions can initiate stress responding 

if one's interpretation of self-generated thoughts or of 

external stimuli are distorted (Pinkerton et al., 1982). 

Adequate work skills, social skills, and assertiveness were 

given by Budzynksi and Peffer (1980) as examples of overt 

behavior necessary for coping with life events. If these 

behaviors are deficient, an individual may feel vulnerable 

or inadequate in his/her environment producing the stress 

response (Jacobs et al., 1970). Cognitions and/or overt 

behavior in interaction with one's environment may produce 

the physiological stress response. Modifying cognitions, 

overt behavior, or the environment in the direction of 

adaptive functioning will result in healthier physiological 

response (Budzynski & Peffer, 1980). However, it is also 

possible to help individuals develop control over the 

stress response by focusing training on physiological func-

tioning. 

Techniques for altering the maladaptive physiological 

functioning include relaxation and biofeedback training. 

Jacobson's (1938) progressive relaxation and Luthe's (1969) 

autogenic training are widely known techniques for learning 

relaxation. Both techniques involve voluntary deep 

relaxation of the main muscle groups. Autogenic training 

also emphasizes awareness of and control over autonomic 

sympathetic arousal. Successful relaxation training depends 

on the trainee's ability to discriminate extremely subtle 
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proprioceptive, kinesthetic, and interoceptive sensations 

(Budzynski & Peffer, 1980). Effective training with 

individuals in high stress situations who have learned to 

ignore bodily signs of stress may require techniques which 

aid in the development of fine bodily sensation discrimina-

tion (Brown, 1980). Biofeedback training can enhance 

discrimination of subtle physiological functioning, thereby 

enhancing the quality of the relaxation (Budzynski & Peffer, 

1980). 

Biofeedback and relaxation training have shown 

successful results with some individuals who have psycho-

somatic disorders. Disorders in which biofeedback and/or 

relaxation training have been shown to be beneficial 

include: essential hypertension, Raynaud's disease, chronic 

illness syndrome, muscle contraction headaches, vascular 

headaches, dermatitis, eczema, peptic ulcer disease, irri-

table bowel syndrome, diarrhea, and vomiting (Basmajian, 

1979; Fotopoulos & Sunderland, 1979; Olton & Noonberg, 1980; 

Pinkerton et al., 1982). Biofeedback and relaxation are 

helpful in training lowered arousal or trophotropic response 

and in treating psychosomatic disorders. 

White Blood Cells 

White blood cells or leukocytes may be referred to as 

"mobile" units of the immune system. Leukocytes are 

transported in the blood to areas of inflammation, providing 

rapid and potent defense against any infectious agent which 
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may be present. Five different white blood cells are 

normally found in the blood. These are neutrophils, lympho-

cytes, eosinophils, basophils, and monocytes. The adult 

healthy human has a range of 4,000 to 10,000 cells per cubic 

millimeter of blood with an average of 7,000 cells per mm . 

Approximate percentage ranges of the five types of white 

blood cells in healthy humans are as follows: neutrophils 

(25% to 62%), lymphocytes (20% to 53%), eosinophils (3% to 

8%), basophils (.6% to 1.8%), and monocytes (2.4% to 11.8%) 

(Thorn, Adams, Braunwald, Isselbacher, & Petersdorf, 1977). 

White blood cell counts are shown to be influenced by 

a number of variables in healthy individuals. These 

include: circadian rhythm, weight, age, alcohol, aspirin, 

strenuous exercise, sunburn, menses, and psychological 

health. Though a complete review of each external influence 

on leukocytes will not be given, it is important to this 

study to mention variables that affect leukocyte counts. 

Circadian rhythm of plasma Cortisol, which alters 

leukocyte behavior, fluctuates with high plasma Cortisol 

between 6 a.m. and noon and low concentrations in the 

evening (Riley, Fitz, Maurice, & Spackman, 1981). Stein, 

Scheifer, and Keller (1981) report circadian rhythms for 

humoral and cell-mediated immune response including 

resistance to infection, lymphocyte stimulation by PHA, and 

cutaneous hypersensitivity. 
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Palmblad (1981) in a review reports weight and age to 

have effects on white blood cells. With obesity in humans, 

enhanced adherence, decreased bactericidal capacity, and 

decreased oxidation is shown. Anorexic individuals have 

more frequent and severe infections than average weight 

persons. During 10 days of total energy deprivation, 

healthy normal weight volunteers showed several alterations 

in immune functioning, including depressions in bactericidal 

capacity. In regard to age, children under age 3 have 

immature immune processes. Persons over 60 years of age 

have changes in humoral and cell-mediated reactions. In 

part, this may be due to involution of the thymus. 

A study of the effects of aspirin, prednisone, and 

alcohol shows impairment of granulocyte adherence. With 

1.2 grains of aspirin and AO mg of prednisone healthy 

volunteers show marked decreases in the adherence of granu-

locytes. Intravenous ethanol administration in four rabbits 

produces the same results. The concentration of aspirin, 

prednisone, and alcohol are commonly achieved in man 

(Thompson & Lippman, 1974). 

White blood cell count may also be affected by 

strenuous exercise as discussed earlier in this paper. 

Excessive sun light and ultraviolet radiation are reported 

to produce lymphocytosis (Wintrobe et al., 1981). Neutro-

phil activity is shown to be depressed during menses 

(Berger, Bowman, Harada, & Repine, 1982). A 45% decrease 
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in bactericidal activity of neutrophils is reported between 

menstrual and nonmenstrual days in healthy women. Immuno-

suppression is seen in subjects with severe psychopathology. 

Diminished responsivity to exogenous antigen, and decreased 

sensitivity to foreign antigen in schizophrenic patients is 

reviewed by Solomon (1981). The influence of the above 

variables are considerations which need to be taken into 

account when studying white blood cell activity. 

Phagocytic Process 

The process of phagocytosis is part of the nonspecific 

immune response and represents the host's initial encounter 

with a foreign substance. An encounter with foreign 

material leads to a stereotyped response that consists of 

mobilization of phagocytic elements into areas where the 

material has been introduced. This may occur as an isolated 

event or as part of the inflammatory response. The phago-

cytic event is a multiphasic process involving a number of 

steps: recognition of the material to be ingested; 

adherence of leukocytes to vascular endothelium; chemotaxis, 

or the movement toward the foreign particles; attachment; 

engulfment; and the subsequent digestion of particles by a 

number of antimicrobial mechanisms (Bellanti, 1978; 

Wintrobe, Lee, Boggs, Bithell, Foerster, Athens, & Lukens, 

1981). 

Phagocytosis is a prominent activity of monocytes, 

macrophages, neutrophils, and to a lesser extent eosinophils 
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(Gadebusch, 1979). Mononuclear phagocytosis, involving the 

monocytes and macrophages, effectively eliminates foreign 

material and debris from the blood, lymph, and tissues 

(Bellanti, 1978). Neutrophils effectively eliminate foreign 

material from the blood and tissue. Although eosinophils 

have the capacity to phagocytize microorganisms and soluble 

antigen-antibody complexes, the process is inefficient when 

compared to the neutrophil (Wintrobe et al., 1981). 

The major function of the neutrophil is to prevent or 

retard infectious agents and other foreign material from 

intruding into the host environment (Quie & Cates, 1979). 

Neutrophils arise in the bone marrow from a common ancestral 

stem cell and, after a series of divisions, undergo a 

maturation through a myeloblast > promyelocyte > 

metamyelocyte > band cell > mature polymorphonuclear 

neutrophil (PMN). Neutrophils appear to be stored in the 

bone marrow and are called upon as needed to replenish 

cells in the circulatory system. After 12 hours the PMN 

enter the tissues where they complete their life span of a 

few days. Normally, there is no return of these cells from 

the tissues to the blood (Bellanti, 1978). 

In the event of an acute inflammatory stimulus, neutro-

phils are released by the bone marrow, travel through the 

vascular system, and adhere to vascular endothelium near 

the stimulus site. They pass through the blood vessel walls 

(diapedes) into the extravascular compartment and migrate 
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in response to chemotactic factors which set up a concentra-

tion gradient attracting neutrophils to the site of 

inflammation. Once in the areas of inflammation neutrophils 

phagocytize foreign material, and subject it to bactericidal 

and digestive enzymes which are released from cytoplasmic 

granules. 

The process of engulfment and digestion are complex and 

not completely understood. Due to their relevance to the 

present study, they will be described in detail. Molecular 

factors, opsonins, promote the attachment of phagocytic 

cells to the material they engulf. One of the primary 

opsonins is antibody. The neutrophil, after attachment to 

the foreign material, flows its cytoplasm around the parti-

cle to ingest it. Once engulfed the foreign material is 

isolated inside a phagocytic vacuole or phagosome. The 

phagosome fuses with cytoplasmic or lysosomal granules 

forming a phagolysosome. The granule disintegrates 

releasing hydrolytic enzymes into the vacuole which digest 

the foreign material. Through complex biochemical activity 

oxygenation occurs. The phagolysosome undergoes alteration. 

This process is referred to as the "respiratory burst." 

Events which comprise the respiratory burst include: 

increased oxygen consumption, increased monophosphate shunt 

activity, increased production of hydrogen peroxide, and 

increased production of superoxide anions (Gadebusch, 1979). 

Normal killing of most bacteria appears to be dependent upon 
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alterations in oxidative metabolism of the cell, as well as 

degranulation of lysosomal constituents into the phago-

cytic vacuole (Barrett, 1978). 

Nitroblue Tetrazolium Test 

The quantitative nitroblue tetrazolium test (NBT) is 

used as a screening test for disorders of phagocytosis and 

bacterial killing (Maderazo & Ward, 1980). NBT is a water 

soluble dye which is engulfed and reduced intracellularly 

forming a dark blue precipitate in the cytoplasm of phago-

cytizing cells. Antigen-antibody immune complexes are 

added to the medium during the test to measure the 

phagocytizing cells ability to digest foreign material. 

Phagocytizing cells attach to the antibody part of the 

immune complex. During ingestion of the immune complex, 

the NBT dye is also ingested. The dye becomes isolated 

inside a vacuole along with the ingested immune complexes. 

The hydrolytic digestion of the immune complex by lysosomal 

enzyles results in the reduction of the NBT dye. The 

amount of dye reduced is an index of phagocytic activity. 

Oxygen is an absolute requirement for the reduction of NBT 

(Baehner & Nathan, 1968). The nitroblue tetrazolium test 

offers an in vitro measurement of phagocytic immune func-

tioning. 

The foregoing review of pertinent research findings 

indicates that stressors, adaption, and immune functioning, 

including phagocytosis, are related. There is increasing 
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evidence that the magnitude of life events and one's ability 

to cope with these life events are associated with changes 

in the immune process. As evidence has accumulated it 

suggests that high levels of life stress and inadequate 

coping ability lead to immunosuppression and the suscepti-

bility for disease. 

Persons with psychosomatic disorders related to stress 

have responded to biofeedback and/or relaxation treatment. 

However, measures of the effects of biofeedback and/or 

relaxation on immunity has been attempted in only one study 

(Smith, Schneider, Minning, & Whitcher, 1982). These 

researchers, looking at chemotaxis and adherence of neutro-

phils, studied the effects of relaxation, biofeedback, and 

relaxation-assisted imagery. The biofeedback and relaxation 

training conducted in this study were ineffective in 

predictably altering either adherence or chemotaxis. Using 

subjects who believed they could alter their immune func-

tioning, Smith et al. (1982) augmented four sessions of 

imagery related to neutrophil adherence and chemotaxis with 

one session of relaxation. The imagery procedures utilized 

in this study were adapted from imagery work by Acterberg 

and Lawlis (1978). Subjects were asked to visualize their 

neutrophils becoming sticky, adhering to the vessel wall, 

changing shape, and leaving the blood stream. The results 

were a decrease in white blood cell count in the direction 

expected by the researcher. However, there was a drop in 
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adherence which was in the opposite direction to the 

researchers' expectations. The researchers hypothesized 

this unexpected drop in adherence was due to cells respond-

ing to the imagery instructions having already left the 

bloodstream. 

The results of the Smith et al. (1982) study are 

encouraging. Thought processes, such as imagery, may be 

capable of altering immune functioning. The question of 

whether persons under high levels of stress and who have 

a depressed immunity can be given behavioral treatment to 

combat the suppressed immune system has never been 

addressed, prior to the research program reported for the 

first time in the following pages. 

Method 

This study was divided into two phases. During 

Phase 1, the relationship of stress and immunity are 

evaluated. Phase 2 relates to the effects of biofeedback-

assisted relaxation training on immunity. 

Subjects—Phase 1 

The subjects were volunteers who responded to a notice 

(posted on a university campus) requesting research partici-

pation. Prospective subjects completed a General Health 

Questionnaire (Appendix A) regarding age; sex; current 

medications; weekly alcohol intake; medical history, 

including past diseases, vaccination, and illnesses in the 

past 12 months; and, for females, the dates of the last 
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menstrual cycle. Subjects were screened for normal blood 

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

(upper limits were determined by the height and weight chart 

of Allstate Insurance Company, 1982; Appendix B), and for 

nonuse of medication. Subjects were not excluded if they 

were stabilized on medication to maintain bodily function, 

such as thyroid medication or those females who were taking 

birth control pills. 

Subjects were told that the study was designed to see 

if self-reported stress level and/or relaxation training had 

an effect on chemistry of the blood. Subjects were declined 

additional information as to which blood tests were being 

conducted. Forty-one subjects signed the informed consent 

form (Appendix C). The age range of the 21 female subjects 

was 23 to 47 (average 35.0). The 20 male subjects ranged 

in age from 21 to 44 (average age 31.9). 

Instruments--Phase 1 

Adaptation of the Social Readjustment Rating Scale. 

Developed by Holmes and Rahe (1967), the Social Readjustment 

Rating Scale is a list of 43 life events with adjustment 

scores attached to each event. The scale was designed to be 

a predictive measure of illness onset. This instrument 

was adapted for this study. Subjects were asked to give 

the month and year the event happened in their life. In 

addition, each subject was asked to rate their coping 

ability with each event they had encountered in the last 
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2 years using a Likert Scale. Subjects were asked to rate 

their coping ability at the time the event occurred and how 

they were presently coping with that event (Appendix D). 

Profile of Mood States (POMS). The POMS gives sub-

jective information of feeling, affect, and mood. 

Sixty-five 5-point adjective rating scale measures six 

identifiable scales: Tension-Anxiety, Depression-Dejection, 

Anger-Hostility, Vigor-Activity, Fatigue-Inertia, and 

Confusion-Bewilderment. The POMS was designed to measure 

fluctuating mood states. A 1-week period is the time period 

standardly assessed. The POMS may be administered to 

normals and is practical for self-administration and for use 

in groups. 

Stress-Coping Rating Scale. The Stress-Coping Rating 

Scale is a subjective instrument designed for this study. 

Using a Likert Scale, five areas were rated individually 

for current level of stress: family, personal, work, 

school, and overall. The score on the overall rating portion 

of the scale was utilized as a dimension for determining 

whether a subject was placed in the low or high stress group 

(Appendix E). 

Symptom Checklist (SCL). The Symptom Checklist is a 

list of physical signs or symptoms of stress. Each item is 

rated using a Likert Scale of intensity experienced when 

under stress. A numerical score was compiled using the 

intensity rating for each symptom listed (Appendix F). 
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Daily Intake Record. The Daily Intake Record was 

designed for this study and used as a screening device to 

check for the absence of food (fasting), alcohol, drugs, or 

medication (Appendix G). 

Brief Health Questionnaire. Designed for this study, 

the Brief Health Questionnaire served as a control device 

to screen subjects prior to blood being drawn. It was 

administered to each subject prior to each blood sample. 

Questions on the instrument included aspects of health, 

exercise, alcohol, and medication which might have affected 

the blood sample outcome (Appendix H). 

Total White Blood Count. White blood counts (WBC) 

were performed with an AccuStat Blood Cell Counter, Model 

2401 (Clay Adams, Parsipanny, N.J.). The average of three 

consecutive WBC counts per blood sample were recorded. 

Seven ml of whole venous blood was obtained using a 

vacutainer (Monoject, St. Louis, Mo.) containing EDTA (.07 

ml, 15% H2O). Blood was thoroughly mixed by inversion. 

Twenty-five microliters of blood was extracted from the 

tube using a micro-pipette. Pipette blood was released into 

a prefilled 6.5 ml diluent reservoir. After inverting the 

reservoir for mixing, a 30-second waiting period for the 

lysing of red blood cells was allowed, after which counts 

were measured. 

WBC Differential Count. Differential WBC counts were 

performed using standard techniques (Diggs, 1976). Wrights 
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stain was used to stain the blood films. For increased 

reliability 200 cells were counted with data being presented 

as a percentage of each cell type (Wintrobe et al., 1981). 

Quantitative Nitroblue Tetrazolium Test. To reduce 

variability of the NBT results, pH, dye concentrations, and 

the time blood was allowed to settle was held constant 

(Helium, 1977). A 7 ml sample of peripheral blood was 

collected in a 7 ml vacutainer using the technique given in 

WBC above. The blood was allowed to set for 90 minutes at 

room temperature to permit red cell sedimentation. The 

supernatant leukocyte-rich plasma was decanted using a 

Pasteur pipette into a 15 ml plastic centrifuge test tube. 

The leukocyte-rich plasma was centrifuged at 500 g for 10 

minutes, the plasma decanted, and the cell-button resus-

pended in Medium 199 (pH 7.2). The leukocyte suspension 
L' 

was adjusted to a concentration of 5 X 10 cells/ml. To 

each of duplicate 12 X 75 mm glass test tubes the following 

were added: 5 X 10 polymorphonuclear leukocytes in 0.1 ml 

of medium 199; 0.1 ml of 0.01 M potassium cyanide and 

0.025 ml of anti-bovine serum albumin-bovine serum albumin 

(anti-BSA-BSA). The tubes were incubated in a 37° C shaking 

water bath for 10 minutes. Following incubation, 0.1 ml 

of nitroblue tetrazolium (NBT) (2 mg/ml in saline) was added 

and incubation continued for 15 minutes. The reaction was 

stopped with the addition of 4 ml of 0.5 N hydrochloric 

acid and the tubes centrifuged at 1,000 g at 4° C.. for 10 
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minutes. The supernatant was discarded and the reduced NBT 

was extracted from the blue cell button with 4 ml of pyri-

dine in a boiling water bath for 10 minutes under an exhaust 

hood. The optical density (OD) of the extract in each tube 

was determined at 515 mm using pyridine as the blank control 

in a Zeiss PMQ II spectrophotometer. A control tube con-
£ 

taining 5 X 10 polymorphonuclear leukocytes in 0.1 ml of 

Medium 199, 0.1 ml of 0.01 M potassium cyanide, and 0.1 ml 

of 0.2 M EDTA was prepared and run with each pair of 

experimental samples. The OD found in this control sample 

was subtracted from the OD of each of the experimental 

samples to insure that only the reduced NBT was assayed. 

The results for the dual samples were averaged for each 

individual. The group NBT was computed by finding the mean 

of the averaged NBT for 41 subjects. The NBT score for each 

subject was reported as percentage of the group NBT (n = 41) 

and was determined as follows: 

100-Group NBT X - Subject's NBT 
X 100 

Group NBT X 

This formula can be reduced to: 

Subject's NBT 
X 100 

Group's NBT X 

Procedure--Phase 1 

Standardization of bloodsampling procedures. The 

following is a description of conditions under which blood 
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samples were drawn. These conditions were followed each 

time blood was drawn. Since different combinations of 

psychologically-related instruments were administered at 

each blood sample, specific reference to the instruments 

given are described later in the procedures. 

Prior to blood being drawn subjects were asked to 

refrain from (a) taking any medications for 72 hours (unless 

the medication was to stabilize body function or birth 

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

(c) alcohol consumption in excess of 6 ounces for 72 hours, 

and (d) extensive exercise for 60 minutes. In addition, 

subjects had their normal sleep for 3 nights, were not 

sunburned, had not altered their diets, and had not felt 

ill during the previous 10 days. Blood was not drawn from 

women during menses. Data regarding the above criteria was 

collected on the Brief Health Questionnaire (Appendix H). 

If a subject could not comply with the above parameters, 

then blood sampling was postponed until these parameters 

could be met. 

Subjects sat in a waiting room for at least 15 minutes 

before blood was drawn. While waiting, subjects completed 

the Daily Intake Diary (Appendix G), the Brief Health 

Questionnaire (Appendix H), and psychologically-related 

instruments. Blood samples (7 ml) were obtained by venous 

puncture by a registered nurse under the supervision of a 
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licensed physician. All blood samples were drawn between 

12 noon and 2 p.m. 

Sampling of subjects. During Phase 1, 41 subjects 

signed the Informed Consent Form (Appendix C), and were 

administered the Profile of Mood States (POMS), Adaptation 

of the Social Readjustment Rating Scale (A-SRRS), Stress-

Coping Rating Scale (SCRS), and Symptom Checklist. Blood 

samples were drawn (Trial 1) following the administration 

of the above psychologically-related measures. White blood 

count (WBC), white blood cell differential, and quantative 

nitroblue tetrazolium (NBT) tests were performed on the 

blood. The A-SSRS and the SCRS were tabulated. Subjects 

who scored 300 points or more on the A-SSRS or who rated 

their "overall stress" level on the SCRS as 7 or higher 

were considered under "high stress." Scores which were 

below 300 on the ASRRS or below 7 on the SCRS were defined 

as "low stress." A percentage score on the NBT test was 

computed using the formula in the NBT portion of the 

instruments section. Subjects were classified as "high 

immunity" if their percentage scores were above 100. Sub-

jects whose percentage was below 100 were considered "low 

immunity." 

Hypothesis—Phase 1 

A significant portion of the healthy subjects sampled 

who report "high stress" levels on the Adaptation of the 

Social Readjustment Rating Scale and/or Stress-Coping 
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Rating Scale will demonstrate phagocytic immunosuppression 

as measured by the nitroblue tetrazolium test. 

Subjects--Phase 2 

Sixteen subjects from the original 41 subjects were 

selected for further study. These 16 subjects were ran-

domly assigned to experimental and control groups. The age 

range of the five men in the experimental group was 23 to 

43 years (mean 29.4). The age range of the three women in 

the experimental group was 34 to 36 years (mean 34.6). The 

five men in the control group ranged in age from 27 to 40 

years (mean 35.8) and the three women ranged in age from 

31 to 38 years (mean 35.6). All 16 subjects scored 300 

points or higher on the Adaptation of the Social Readjust-

ment Rating Scale or rated themselves 7 or above on the 

Stress-Coping Rating Scale. All 16 subjects had a NBT 

percent of less than 100. 

Instruments--Phase 2 

The tests, Adaptation of the Social Readjustment 

Rating Scale, Profile of Mood States, Stress-Coping Rating 

Scale, Symptom Checklist, Daily Intake Record, Brief Health 

Questionnaire, Total White Blood Count, WBC Differential 

Count, and Quantitative Nitroblue Tetrazolium Test as 

described in the instrument portion of Phase 1 were also 

used in Phase 2. 

CAQ--Part II. The Clinical Analysis Questionnaire--

Part II (Delhees & Cattel, 1975) was designed to measure 12 

pathological personality dimensions. The CAQ--Part II has 
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144 items which were answered according to the degree of 

agreement the subject had with each statement. The relia-

bilities with a 1-day retest interval of the CAQ--Part II 

Scales range from .67 to .90, while the construct validities 

vary from .42 to .82 for each of the scales. 

Training Evaluation Form. This form was designed for 

this study. It was administered to subjects in the experi-

mental group at the end of treatment. It surveyed such 

things as the subject's goals for treatment, to what degree 

training goals were met, the amount of home practice, and 

types of home practice (Appendix I). 

Psychophysiological Assessment (PPA). The Psycho-

physiological Assessment was designed to assess the baseline 

level of relaxation. The PPA was administered to experimental 

subjects prior to treatment and following treatment. The 

subject's relaxation ability was measured using the following 

biofeedback instruments: electromyograph (Autogenic 1700) 

with digital integrator (Autogenic 5100) and thermal unit 

(Cyborg J-32). The electrode placement of the electromyo-

graph was frontalis and bilateral trapezius. The thermister 

was attached to the fifth digit of the right hand. During 

the assessment, the subject was resting in a reclining 

chair, with EMG frontalis, EMG bilateral trapezius, and 

thermal placements. 

One-minute readings were taken from each of the 

placements. Two 5-minute baseline readings were taken 
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asking the subject to "Lie back, close your eyes and allow 

yourself to be as comfortable as you can. At the end of 5 

minutes I will ask you to open your eyes, ending the 5-

minute rest period." The same instructions were given for 

the second 5-minute baseline. The average of these two 

5-minute baselines constitute the relaxation level. 

Procedures—Phase 2 

During Phase 2, the 16 subjects who were "high stress-

low immunity" were randomly assigned to experimental and 

control groups. A second blood sample (Trial 2) was 

drawn from the experimental and control groups and WBC, 

white blood cell differential, and NBT were measured from 

the blood sample. All subjects were administered the POMS 

and the SCRS. At this time, the CAQ--Part II was adminis-

tered to the 16 subjects to screen for extreme pathology. 

All subjects scored within 2 standard deviations of the 

mean, meeting the criteria set for the study. 

Biofeedback-assisted relaxation treatment. Prior to 

treatment, subjects met individually with the experimenter. 

The purpose of this session was to explain biofeedback, 

to explain the physiological parameters measured by the 

biofeedback equipment, and to briefly outline the treatment 

procedure. Subjects were attached to EMG using a forearm 

placement and to the thermal unit for 5 minutes. The 

purpose of this was to give each subject an opportunity to 

adjust to the equipment. 
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The second session, prior to treatment, was for the 

purpose of establishing a baseline level of relaxation 

ability. The procedure for psychophysiologic assessment, 

described under instrumentation was used. 

All treatment sessions were conducted on an individual 

basis. Subjects met two times a week for 1-hour training 

sessions. The purpose of treatment was to train subjects 

to specified criterion levels. These levels were (a) EMG 

frontalis below 1.2 microvolts (integral average), and 

(b) hand temperature 95.0 degrees Fahrenheit or above. 

Biofeedback-assisted relaxation training included 

cognitive aspects, direct biofeedback treatment, relaxation 

exercises, and home practice with cassette-recorded relaxa-

tion exercises. Cognitive aspects included specific 

information regarding bodily mechanisms involved in the 

stress response, and the relaxation response. The fight or 

flight response, accumulative effects of stress, and the 

understanding that a stress response to an environmental 

event is learned, were explained. Physical signs of tension 

and relaxation, homeostatis, optimal stress, and the fact 

that the relaxation response is learned, were also explained. 

Emphasis was placed on practicing relaxation during the day 

and at times of stress. No mention was made of the immune 

system or the possible effects of relaxation on immunity. 

Biofeedback treatment began with frontalis EMG train-

ing. While subjects were simultaneously attached to the 
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thermal unit in the beginning, training on hand temperature 

was not initiated until the second session. Subjects 

received training on both EMG and hand temperature each 

session thereafter. Biofeedback training was somewhat 

individual. If shoulder tension was a symptom complaint 

subjects received EMG training using a bilateral trapezius 

placement. This was limited to three sessions since the 

criterion EMG measurement was frontalis. 

Relaxation exercises included teaching diaphragmatic 

breathing and introducing tense-relax and progressive 

mental relaxation during biofeedback sessions. Subjects 

were encouraged to learn the diaphragmatic breathing and 

to practice three times a day for 5 minutes. 

Cassette-relaxation tapes were prerecorded. Side 1 of 

the tape was a 30-minute relaxation tense-relax exercise. 

Side 2 was a 20-minute passive or progressive mental 

relaxation exercise. Both exercises were designed by the 

experimenter though they were similar to those in print 

(Fuller, 1977). Subjects were given the cassette tape 

following the second session. They were instructed to 

listen to Side 1 of the tape (tense-relax) at least once 

daily for 1 week. The second week, they were instructed 

to listen to Side 2 at least once a day. Thereafter, they 

were told to choose which side of the tape they preferred, 

or to practice 20 minutes on their own. They, again, were 

asked to practice at least one time a day. 
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Once criterion was met on both parameters--EMG 

frontalis 1.2 microvolts (integral average) or less and 

hand temperature 95 degrees Fahrenheit or higher--subjects 

met a final time with the experimenter for the postpsycho-

physiological assessment. At this time, two 5-minute 

baseline recordings were taken on EMG frontalis, EMG 

trapezius, and hand temperature to assess their ability to 

relax without direct feedback from the equipment. After-

wards, subjects were given the Training Evaluation Form 

to complete. 

Posttreatment. Following the postpsychophysiological 

assessment, blood samples (Trial 3) were collected on both 

experimental and control subjects. All subjects were 

administered the following psychologically related tests: 

Adaptation of the Social Readjustment Rating Scale, Symptom 

Checklist, Profile of Mood States, and Stress-Coping Rating 

Scale. A blood analysis was again performed including WBC, 

white blood cell differential, and NBT. 

Hypotheses—Phase 2 

1. Subjects who experience high stress as measured by 

the Adaptation of the Social Readjustment Rating Scale and/ 

or the Stress-Coping Rating Scale and who have suppressed 

immune function as measured by the nitroblue tetrazolium 

test will benefit from biofeedback-assisted relaxation by 

showing an increase in immune functioning as measured by 

NBT. 
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2. The change in immune response will be due to changes 

in the quality of phagocytic leukocytes, not in the quantity 

of white blood cells. 

Results 

Phase 1 

There is a lack of research regarding the relation-

ship of self-reported stress with immunity measures for 

physically healthy adults. Therefore, this study randomly 

sampled blood from 41 healthy subjects (Trial 1). White 

blood cell count and white blood cell differential were 

within normal limits (Thorn et al., 1977). These subjects 

were administered the Adaptation of the Social Readjustment 

Rating Scale (Appendix D) and the Stress-Coping Rating 

Scale (Appendix E). Phagocytic activity was measured through 

the quantitative nitroblue tetrazolium test (NBT). Subjects 

were classified as "high stress" if (a) they accumulated 300 

points or more on the Adaptation of the Social Readjustment 

Rating Scale, or (b) rated themselves a 7 or higher on the 

"overall stress" scale of the Stress-Coping Rating Scale, 

and "low stress" if they scored below the parameters given 

above. Because of the variability of the NBT analysis 

(Helium, 1977) subject's scores were expressed as a per-

centage of the mean for the group of 41 subjects. Subjects 

were classified as "high immunity" if their percentage score 

was below 100. A chi-square analysis was performed on the 

distribution of "high" and "low" stress with "high" and 
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"low" immunity. The chi-square showed a significant 

probability of a relationship between stress and immunity 

(chi-square = 3.8624; df = 1; £ < .05). Summary of the 

data is reported in Table 1. 

Phase 2 

Sixteen subjects fell into the "high stress-low 

immunity" cell of the contingency table (Table 1). These 

subjects were administered the Clinical Analysis Question-

naire- -Part II. All 16 subjects fell within 2 standard 

deviations of the mean on all 12 scales. Subjects were 

randomly assigned to experimental and control groups. A 

second blood sample (Trial 2) was drawn from subjects in the 

experimental and control groups for WBC, differential, and 

NBT. WBC and white blood cell differential for the second 

blood sample were within normal limits for healthy adults 

(Thorn et al., 1977). 

T-test analyses were performed on the dependent 

variables--WBC, neutrophils, and NBT. The means of the 

above mentioned parameters were compared between the first 

and second blood samples for experimental and control groups, 

respectively. Results of the t.-test analyses showed no 

significant differences between the first and second blood 

sample means for the experimental group on WBC, neutrophil, 

or NBT. No significant differences were found for the 

control group on WBC, neutrophils, or NBT. Data are shown 

in Table 2. 
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Table 1 

Summary of Means and Standard Deviations for 
Stress and Immunity Contingency Table 

Immunity 

High Low 

High 7 16 CQ 
CO 
d) 

Low 10 8 
CO 

G1 G2 G3 G4 

NBT* 

Mean 151.06 74.05 136.84 61.09 
SD 56.97 18.22 27.54 20.88 

SRRS 

Mean 446.28 429.56 151.50 236.62 
SD 148.00 127.59 44.06 44.49 

SCRS "Overall 
Stress" 

Mean 5.17 7.00 4.40 4.62 
SD 1.97 1.79 .84 1.30 

^Expressed as a percentage of total group NBT (n = 41) 

G-̂  = High Stress-High Immunity 

G£ = High Stress-Low Immunity 

= Low Stress-High Immunity 

G^ = Low Stress-Low Immunity 
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Table 2 

Summary of Means and T-Tests (df = 16) Between Trials 
for WBC, Neutrophil, and NBT for Experimental 

and Control Groups 

WBC (%) Neutrophils 
NBT (%) 
(n = 14) 

Experimental 

Trial 1 
Trial 2 
Trial 3 

6458.0000 
6354.0000 
6025.0000 

56.3800 
59.3800 
57.0000 

65.5400 
62.9400 
108.8600 

t-test 

Trial 1 & 2 
Trial 2 & 3 
Trial 1 & 3 

.2017* 
1.0350* 
.5551* 

.8918* 

.2815* 

.8931* 

.3270* 
4.0000** 
3.9400** 

Control 

Trial 1 
Trial 2 
Trial 3 

6692.0000 
5913.0000 
6004.0000 

52.7500 
56.7500 
55.6300 

82.5700 
72.5700 
79.0200 

t-test 

Trial 1 
Trial 2 
Trial 1 

2 
3 
3 

1.0960* 
.1497* 

1.0000* 

.7659* 

.3300* 

.2789* 

.9196* 

.5834* 

.4184* 

*Not significant 

.01 
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Analysis of biofeedback-assisted relaxation training. 

During biofeedback-assisted relaxation training experimental 

subjects received EMG training with frontal and bilateral 

trapezius placements, as well as hand temperature training. 

Each subject was trained to criteria of 1.2 microvolts 

(integral average) EMG frontalis and a hand temperature of 

95 degrees Fahrenheit. Criteria was met by all subjects in 

the experimental group during training. Once criteria were 

met, a postpsychophysiological assessment was conducted. 

Experimental subjects' data on pre- and postpsychophysio-

logical assessment measures for EMG frontalis, EMG bilateral 

trapezius, and hand temperature are given in Table 3. All 

subjects during postpsychophysiological assessment reached 

criteria on frontal EMG and five subjects averaged for the 

two 5-minute baseline periods a hand temperature above 95 

degrees Fahrenheit. The average number of training sessions 

to reach criteria was 10.75 (range 7 to 16). During treat-

ment, the average number of home practice sessions of 20 

minutes or more was 8.88 per week (range 4 to 14). Seven of 

the subjects reported this practice was generally cassette 

taped tense-relax relaxation and one subject practiced his 

own method. The average number of practice sessions outside 

the laboratory of less than 5-minute duration was 18.6 per 

week (range 10 to 32). Eighty percent of the time, this 

practice was described as deep breathing. Seven out of the 

eight subjects felt they learned to relax to a high degree. 
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Number of training sessions and the degree to which subjects 

met their training goals as reported on a training evalua-

tion form (Appendix I) are given in Table 3. 

Analysis of Posttreatment Results 

Following the postpsychophysiological assessment, a 

third blood sample (Trial 3) was drawn for experimental and 

control subjects. A summary of means and standard devia-

tions for experimental and control groups for each of the 

three trials on blood work are presented in Table 4. 

Profile of Mood States (POMS) and Stress-Coping Rating Scale 

(Appendix E) were administered at the same time as each of 

the three blood sample trials. The Symptom Checklist 

(Appendix F) and the Adaptation of the Social Readjustment 

Rating Scale (Appendix D) were administered at Trials 1 and 

3. A two-way analysis of variance (ANOVA) with repeated 

measures was used to analyze the following factors: WBC, 

each leukocyte of the WBC differential, the scales of the 

POMS, the scales of the SCRS, the Symptom Checklist, and 

the Adaptation of the Social Readjustment Rating Scale. The 

results of the two-way ANOVA are reported separately for 

each factor below. A three-way ANOVA with repeated measures 

on two factors was completed. The factors given above were 

analyzed separately with sex and age. The age division 

(subjects under 35 and 35 and over) was arbitrarily set. 

Results of the findings follow. 



Table 4 

Summary Table of Means and Standard Deviations 
for Blood Sample Trials 

50 

Experimental Trials 
T 3 

Control Trials 
L 2 3 

WBC* 

Mean 
SD 

6458 6354 6025 6692 5913 6004 
1830 1720 1264 1719 1030 990 

Differential 

Neutrophil 
Band 

Mean 
SD 

3, 
4, 
.63 
.95 1 

.38 

.06 i, 

.38 

.06 
.25 
.71 1 

.62 

.19 
0 
0 
.00 
.00 

Segmented 
Neutrophil 

Mean 
SD 

52. 
9. 
.75 
.30 

59, 
6 , 
.00 
.35 

56. 
6. 
.63 
.02 

52, 
8, 
.50 
.16 

55 
10, 

.63 

.17 
55 
9 
.63 
.00 

Lymphocyte 

Mean 
SD 

36. 
5. 
.00 
.45 

35, 
7 , 
.25 
.21 

38. 
5. 
.00 
.90 

41, 
8, 
.38 
.59 

38, 
10, 

.38 

.01 
39, 
8, 
.50 
.38 

Monocyte 

Mean 
SD 

4. 
2. 
,38 
.00 

2, 
1, 
.63 
.19 

3. 
1, 
.13 
,55 

3, 
1, 
.00 
.07 

2, 
1, 
.88 
.64 

2, 
1, 
.88 
.13 

Basophil 

Mean 
SD 

,13 
.99 

2. .13 
.99 

1. ,25 
,46 

2, 
1, 
.63 
.51 

1. .88 
.99 

2, .00 
.53 

Eosinophil 

Mean 
SD 

1. 
1. 
,13 
,13 

.63 

.74 
,68 
,74 

.25 

.71 
.75 
.88 

.89 

.44 

NBT** 

Mean 
SD 

65. 
15. 

54 
55 

62. 
16. 

94 
29 

108. 
30. 

89 
36 

82. 
17. 

57 
.44 

72. 
24. 

.57 
97 

79. 
24. 

02 
31 

^Expressed as percentage based on cell count of 200. 

-^Expressed as percentage of total group NBT (n = 41). 
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WBC. No significant differences were found across 

blood sample trials for either the experimental or the con-

trol group. Homogenity of experimental and control groups 

across trials was F = .015, £ < .90 (Figure 1, Appendix J). 

NBT. Significance was found, F = 11.11, £ < .0003 

between experimental and control groups (Figure 2, 

Appendix K). Using a t-test analysis, no significant 

differences (£ < .05) were found for the control group 

between the means of Trial 1 and Trial 3 nor between Trial 2 

and Trial 3. Table 5 shows the results of subjects in the 

experimental group's NBT across all trials. No significant 

results (£ < .05) were found with the three-way ANOVA with 

repeated measures for two factors (NBT X sex) to (NBT X age). 

Band neutrophils. Band cells showed statistically 

significant change between experimental and control groups 

over the three trials (F = 4.04, £ < .03). Both experimental 

and control groups changed over blood sample trials (F = 

3.75, £ < .04). Results are shown in Figure 3 (Appendix L). 

Though band neutrophils were significant statistically, 

this result was not clinically significant. 

Segmented neutrophils. No significance (£ < .05) was 

found between experimental and control groups on this fac-

tor (Figure 4, Appendix M). 

POMS: Tension-anxiety. The two-way ANOVA with 

repeated measures showed significance (F = 2.51, £ < .04) 

between experimental and control groups (Figure 5, 
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Appendix N). Three-way ANOVA with repeated measures, using 

sex as an additional factor, showed significant three-way-

interaction (F = 4.14; £ < .03). The separation of 

Table 5 

Results of Subjects in Experimental Group 
on NBT* for Each Trial 

Subjects Trial 1 Trial 2 Trial 3 

1 65.17 74.05 112.56 

2 47.39 32.58 121.45 

3 82.94 74.05 112.56 

4 59.24 68.13 85.90 

5 68.13 62.20 121.45 

6 41.47 44.43 68.13 

7 82.94 68.13 82.94 

8 77.01 79.98 165.88 

*NBT expressed as a percent of the group NBT (n = 41) 

differences on Trial 3 was between experimental females and 

control females. This separation of differences was tested 

for simple effects (t = 3.28; df = 4; £ < .05) and was found 

to be significant. 

POMS: Depression-dejection. This factor showed a 

trend difference between experimental and control groups 

(F = 2.11, £ < .14; Figure 6, Appendix 0). 
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POMS: Anger-hostility. A trend difference was found 

on this factor (F = 1.73; £ < .20) using a two-way ANOVA 

with repeated measures (Figure 7, Appendix P). A three-way 

ANOVA with repeated measures using sex as the third factor 

showed no significant difference between experimental and 

control groups (F = 2.34; £ < .12). A significant three-way 

interaction (F = 4.23; £ < .03) was found. The difference 

was between experimental females and control males on 

Trial 1. This difference was tested for simple effects 

(_t = 1.04, df = 6) and was found to be significant at the 

£ < .05 level. 

POMS: Vigor-activity. A trend appeared on this 

factor between experimental and control groups across 

trials (F = 2.32, £ < .12; Figure 8, Appendix Q). 

POMS: Fatigue-inertia. On this factor a trend between 

experimental and control groups was found (F = 2.37, £ < .11; 

Figure 9, Appendix R). 

Stress-Coping Rating Scale. Significant changes across 

trials in both experimental and control groups were found 

for the following scales: family stress (F = 3.45, £ < .05; 

Figure 10, Appendix S), family coping (F = 6.33, £ < .005; 

Figure 11, Appendix T), work stress (F = 3.30, £ < .05; 

Figure 12, Appendix U), personal coping (F = 8.89, £ < .001; 

Figure 13, Appendix V), and overall coping (F = 10.59, 

£ < .001; Figure 14, Appendix W). A trend difference was 
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found on the factor, work coping (F = 99, £ < .07; Figure 15, 

Appendix X). 

Discussion 

Phase 1 of this study looked for relationships between 

levels of stress and levels of immunity. The hypothesis 

of Phase 1 that subjects who report high stress have lower 

immunity is supported. Statistically, "high" and "low" 

subjects are distributed significantly differently across 

the two categories "high" and "low" immunity. 

During Phase 2, 16 subjects are selected from Phase 1. 

These subjects report "high" stress as measured by the 

Adaptation of the Social Readjustment Rating Scale and/or 

the Stress-Coping Rating Scale and have lower immunity as 

measured by NBT. Experimental subjects are trained in 

biofeedback-assisted relaxation. Results of the study 

support the hypothesis that biofeedback-assisted relaxation 

training positively affected immuno-competence of phago-

cytic activity. Another hypothesis of the study is to 

qualify whether biofeedback-assisted relaxation (BAR) 

affected the quantity or the quality of the phagocytic 

white blood cells of the immune system. It appears that 

the quality of the phagocytic cells, as demonstrated by 

the nitroblue tetrazolium changes significantly with 

biofeedback-assisted relaxation. The quantity of the 

phagocytic cells does not change with BAR. Quantity was 

measured by changes in white blood count (WBC) and white 
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blood cell differential, neither of which were found to be 

significant across trials. 

Results of the chi-square analysis (chi-square=3.8624; 

df = 1; £ < .05) on "high" and "low" reported stress with 

"high" and "low" immunity lead to the confirmation that 

subjects who report "high" stress tend to have "low" immun-

ity. Studies by Rahe and his colleagues (Rahe et al., 

1964; Rahe & Arthur, 1968; Rahe et al., 1973) and others 

(McClelland & Jemmott, 1980) concluded that frequency and 

intensity of life change are associated with periods of 

illness. This study is an extension of these prior studies , by 

determining that persons who have high stress scores tend to have 

lower immunity, which predisposes them to illness. 

Biofeedback and/or relaxation are used as a treatment 

with various psychosomatic disorders with beneficial out-

comes (Basamajian, 1979; Pinkerton et al., 1982). These 

reports, however, focus on reducing or eliminating symptoms. 

Only one study is reported in the area of biofeedback, 

relaxation, and/or imagery and its effects on the immune 

system. Smith et al. (1982) conclude biofeedback and/or 

relaxation alone are unpredictable in altering adherence 

or chemotaxis. Adherence and chemotaxis are among the 

initial steps in the process of phagocytosis. In the 

present study, BAR is used as treatment for persons 

reporting high stress and significant results are found on 

the NBT measure for experimental subjects (£ < .0003). The 
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NBT test measures phagocytosis and bacterial killing. 

Although Smith et al. (1982) did not find significant 

results with biofeedback or relaxation with adherence or 

chemotaxis, the present study did find significant results 

using BAR for engulfment and digestion, two later stages in 

the phagocytic process. 

Several controls are placed on this study to reduce 

the likelihood that the results found might be attributed 

to other factors than treatment. Circadian rhythm of 

Cortisol and resistance to infection is reported (Riley 

et al., 1981; Stein et al., 1981) so all blood samples were 

drawn at the same time of day. Subjects were on no medica-

tion and had no alcohol 24 hours prior to the study. These 

are known to have an effect on white blood cell function 

(Thompson & Lippman, 1974). In addition, effects of 

strenuous exercise (Ruuskanen et al., 1978) , sunburn 

(Wintrobe et al., 1981), severe psychopathology (Solomon, 

1981), weight and age (Palmblad, 1981), and menses (Berger 

et al., 1982) on leukocyte function are controlled. Besides 

the subjects' self-report that they had been healthy for 

10 days blood measures are taken to support this claim. WBC 

and white blood cell differential counts are within normal 

limits for healthy adults (Thorn et al., 1977) for all 

subjects on all trials. In addition, the means for WBC and 

white blood cell differential do not clinically differ 

between trial for either experimental or control groups. 
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WBC represents an acitivity index of the immune system 

in that WBC represents the number of cells available for 

migration (Smith et al., 1982). When 200 cells are counted, 

as they were in this study, the reliability of the percent-

age of each cell type within the differential is enhanced 

(Wintrobe et al., 1981). Neutorphils, monocytes, and to a 

much lesser extent, eosinophils are involved in the phago-

cytic process (Bellanti, 1971). Neutrophils make up 

approximately 60% of the white blood cells, while monocytes 

and eosinophils represent 3 to 5%, respectively (Thorn et 

al., 1977). Since neutrophils account for a larger 

percentage of the leukocytes than either monocytes or 

eosinophils, it may be concluded that neutrophil activity 

accounts for most of the phagocytic activity. As shown in 

Table 3, neutrophil did not significantly change in either 

the experimental or control groups. T-test statistics show 

no significant differences in the means of neutrophils 

between Trials 1 and 2, between Trials 2 and 3, and between 

Trials 2 and 3 for both groups. This is significant for 

two reasons. First, elevated neutrophil count may indicate 

active infection. Second, the changes in NBT in the experi-

mental group between Trials 2 and 3 cannot be attributed to 

an increase in the number of neutrophils. 

The percent of NBT do not differ between Trial 1 and 2 

for the experimental group. Significant differences are 

also not found for the control group means between all 
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trials (Table 3) on the NBT measure. This would indicate 

that the NBT measure is relatively stable across time. 

Given no changes in WBC and white blood cell differen-

tial, including neutrophils, for both groups across trials 

and given the no significant differences in NBT except for 

the difference between Trials 2 and 3 for the experimental 

group, it may be concluded that a property of the phago-

cytic cell changed other than quantity. Further, it may 

be said that BAR had an effect on NBT. 

Since the quantity of cells cannot be attributed to 

the increase in NBT for experimental subjects it appears 

the quality of the cells is enhanced and, likely, this is 

due to biofeedback-assisted relaxation treatment. Because 

neutrophils make up a larger percentage of the leukocyte 

population than monocytes or eosinophils it may be the 

quality of the neutrophil is responsible for the change in 

NBT. One explanation for the change in the quality of the 

neutrophil may be oxidation enhancement. Oxidation is 

necessary for effective digestion of foreign particles. 

Another explanation is a decrease in Cortisol which is 

shown to inhibit phagocytic leukocyte activity via the 

lysosomes. 

No significant differences are found in the number of 

stressors as recorded on the Adaptation of the Social 

Readjustment Rating Scale for either the experimental or 

control subjects. In addition, the "overall" stress rating 
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on the Stress-Coping Rating Scale did not change for either 

group. Some change in stress ratings for work stress and 

family stress were reported for both groups. Work stress 

increased somewhat and family stress decreased slightly for 

both groups. Though these measures did change, the "over-

all stress" rating remained the same. Environmentally, both 

control and experimental groups were under the same degree 

of stress throughout the study, though the stressors may 

have changed somewhat. Since report of stress did not 

decrease, changes in the degree of stress cannot be attrib-

uted to the understanding of why NBT changed for experimental 

subjects between Trials 2 and 3. It can be said biofeedback-

assisted relaxation did not affect the report of stressors. 

"Overall coping" rating on the Stress-Coping Rating 

Scale did significantly increase for experimental subjects 

and not for controls. Even though significant findings for 

controls were found with family coping and personal coping 

ratings, it was not reflected in the overall rating. 

Experimental subjects also showed increases in coping on 

the same measures. Whether the changes in family and 

personal coping are important are unknown. The overall 

rating may reflect more importance. Coping ability is 

difficult to measure, though a person's coping strength is 

probably an important factor in the degree of 

immuno-competence an individual possesses. Coping ability 

is alluded to in the literature in various ways. Degree of 
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ego strength and vulnerability are parameters associated 

with severity of respiratory illness (Jacobs et al., 1968; 

Jacobs et al., 1970), time to recovery from illness 

(McClelland & Jemmott, 1980), frequency of visits to medical 

clinics (Canter et al., 1966), anti-body titer levels 

(Roessler et al., 1979), and natural killer cell activity 

(Locke et al., 1979). A person who is stressed and has 

minimal coping ability shows sympathetic overactivity. If 

this overactivity becomes chronic, it may lead to an 

immunosuppressive effect making the individual more sus-

ceptible to illness. 

Measures on the POMS did change for the experimental 

group but not for the control group. The tension-anxiety 

scale shows a significant decrease for the experimental 

group. This scale measures heightened musculoskeletal 

tensions. It was expected that this scale would decrease 

for the experimental group given the type of treatment--

biofeedback-assisted relaxation. Trends are seen for 

decreased anger and hostility, for decreased fatigue and 

inertia, and for increased vigor and activity. Again, this 

may be attributed to the biofeedback-assisted relaxation. 

Exactly how biofeedback-assisted relaxation affects the 

immune response is speculative. Normal killing of most 

bacteria is dependent upon alterations in oxidative meta-

bolism of the neutrophil, as well as degranulation of 

lysosomal constituents (Barnett, 1978). It may be that one 
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or both of these processes are changed. Possibly, earlier 

steps of phagocytosis are effected. If the earlier steps 

of adherence and chemotaxis are impaired, then phagocytosis 

is reduced (Bellanti, 1978). Lysosome membranes may be 

stabilized by Cortisol reducing their effectiveness in 

digestion of foreign material (Bellanti, 1978). Adherence 

and chemotaxis of neutrophils are impeded with glucocorti-

coids. Biofeedback-assisted relaxation leads to lowered 

general arousal, decreased muscle tension, and an increase 

in peripheral blood flow. Relaxation produces para-

sympathetic activity and decreased secretion of adrenalin. 

Perhaps biofeedback-assisted relaxation, through the 

hormonal system, reduces adrenalin and affects adherence, 

chemotaxis, and/or lysosome membrane permeability. Since 

oxygen is an absolute requirement for the ingestion of 

foreign material (Baehner & Nathan, 1968), it could be 

biofeedback-assisted relaxation enhances the oxidative 

abilities of neutrophils. Whatever the mechanism of 

enhancement it appears autonomic activity plays a crucial 

role in phagocytic activity. 

Biofeedback-assisted relaxation may have directly 

affected the cognitive and/or the physiological processes 

of the subjects. Possibly, relaxation training cognitively 

changed the subject's expectation for being able to cope 

with stressors. Or, since relaxation is a skill, it may 

have given subjects the neccesary tools to cope or adapt 
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with a stressful environment. Budzynski and Peffer (1980) 

report modifying cognitions, overt behavior or the environ-

ment in the direction of adaptive functioning will result 

in healthier physiological response. If biofeedback-

assisted relaxation increases coping ability or adaptive 

functioning, it is unknown how this cognitive process 

affects cell activity. Perhaps reducing the perception of 

a stressful environment affected the autonomic nervous 

system. 

One point requires clarification. Biofeedback-assisted 

relaxation to specific criterion levels was not responsible, 

in total, for the changes seen in the immune response. 

Good compliance on practicing the relaxation techniques 

outside the laboratory is seen with subjects in this study. 

Home practice allows the relaxation response to more readily 

generalize to each subject's environment. Generalizing the 

response permits the subject to employ relaxation on a 

regular basis and at times of stress. This will tend to 

combat sympathetic overactivity and thus enhance 

immuno-competence. 

This study is only a preliminary study and further 

research is needed. The number of experimental and control 

subjects is small. Replication of this study would lend 

more information on the reliability that such techniques as 

biofeedback and relaxation can enhance the phagocytic 

process. The relaxation and/or biofeedback techniques used 
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by Smith et al. (1982) are ineffective in predictably chang-

ing adherence and chemotaxis. They find relaxation and 

specific imagery effective in change adherence and chemo-

taxis. Future research may want to investigate the effects 

of biofeedback-assisted relaxation as compared to the 

effects of specific imagery with relaxation on phagocytic 

activity. One problem encountered in this study is defining 

and measuring stress and coping ability. While stress 

refers to attitude or adaptive ability regarding the event 

they are difficult to measure. Since coping ability may be 

more important in immune response research than life events 

it is important to devise methods of measuring adaptive 

ability. 

In summary, the present study supports the hypothesis 

that biofeedback-assisted relaxation enhances phagocytic 

activity as measured by the nitroblue tetrazolium test. It 

is also found that the changes in immune responsivity due to 

biofeedback-assisted relaxation training are related to the 

quality of phagocytic leukocytes rather than quantity. It 

is probable that changes in the quality of the cell activity 

is related to neutrophils. Lowered sympathetic activity 

resulting from the treatment may alter the oxidation process 

or the membrane permeability of lysosomes resulting in 

increased digestion by the neutrophil. 

In addition, persons having a high number of life 

events tend to have lower immune reponse. While high stress 
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correlates with lower immune response, the biofeedback-

assisted relaxation did not change the perception of the 

stress level as measured by the Stress-Coping Rating Scale. 

Rather biofeedback-assisted relaxation appears to have 

enhanced the coping ability to life stress. Whether 

enhanced coping ability, decreased sympathetic arousal 

level, decreased skeletalmuscular tension, and increased 

peripheral blood flow, some combination of these, or some 

other factor, changed phagocytic ability is unknown. It 

does seem clear that further research is warranted to 

understand more about this area. 



65 

Name 

Appendix A 

General Health Questionnaire 

Initials Age Sex: F_ M 

Have you ever had training in biofeedback, relaxation, trans-

cendental meditation, yoga or meditation? Yes No 

If yes, give dates and type of training. 

Are you presently taking any medications? Yes No 

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 

dates on all postive answers. 

Have you had? Yes No If yes, give dates 

Scarlet Fever 

Measles 

German Measles 

Mumps 

Chicken Pox 

Malaria 
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Surgery_ 

Appendectomy_ 

Tonsillectomy^ 

Hernia R.epair_ 

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: 

Polio 

Tetanus 

Flu 

Tuberculi 

Date of Last Injection 
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In the last 12 months have you had? Give dates and # 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? 

For Health Center Staff: 

Height Weight 

(date) 

Blood Pressure 
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Height and Weight Limits 
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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 
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Appendix C 

Informed Consent 

I, state that I am over 18 years of 
age and wish to participate in a program of research being 
conducted by Barbara S. Peavey. I understand that the primary 
purpose of the proposed research is to study the effects of 
biofeedback-assisted relaxation training on various para-
meters of bloodwork. I also understand the purpose of the 
research is to relate physiological facors to psycholog-
ical factors. I understand that the research involves giving 

blood samples, undergoing relaxation and biofeedback 
conditions. I understand that all blood will be drawn by 
registered nurses under the supervision of the medical doctor 
at the University of Texas at Dallas Student Health Center. 
I understand that there may be minimal discomfort when blood 
is drawn. 

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

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 will not hold Barbara S. Peavey or the univer-
sity liable for any real or perceived injury or complaint. 

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. 

Subject's Name 

Subject's Signature 

Witness Signature 

Date 
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Appendix D 

Adaptation of Social Readjustment Rating Scale 

Instructions 

Below is a list of life events which you may have encoun-
rered in the last 2 years. Each of these events required you 
to cope in some way. To the right of the 43 life events are 
three columns. Each of the columns is labeled. In Column 1 
give the month and year you encountered the life event. If 
you have encountered any event more than once in the last 2 
years give dates for each occasion. 

After you furnish dates for the life events we would 
like you to rate your coping ability on a scale of 1 to 10 
(given below) for each event. Rate your ability to cope with 
each life event at the time it occurred and place your rating 
in Column 2. If you listed more than one date for a life event 
please rate your coping ability for each occasion. Then, please 
rate your present ability to cope with each of the events for 
which you furnished dates. Place your present coping rating 
in Column 3. 

One way of envisioning how well you were able to cope 
with a particular event at a particular time is to think or 
imagine what sort of animal the event represented to you and 
then think on a scale of 1 to 10: "How well was I able to cope 
with that animal?" For instance, if a divorce occurred 4 
months ago it may have seemed like a tiger at that time and 
presently the divorce seems like a St. Bernard puppy. With 
this example, you would rate how well you coped with the 
tiger and place your rating in Column 2. Then you would rate 
hou well you are able to cope with the St. Bernard puppy 
and place your coping rating in Column 3. 

Please use the following rating scale for coping ability: 

1 2 3 4 5 6 7 8 9 10 

coped coped coped, but coped with did not 
very with some great cope well 
well problems difficulty at all 
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Name 
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Date 

Life Events 

1. Death of spouse 

2.. Divorce 

3. Marital separation 

4. Jail term 

5. Death of a close 
family member 

6. Personal injury or 
illness 

7. Marriage 

8. Fired at work 

9. Marital reconciliation 

10. Retirement 

11. Change in health of 
of family member 

12. Pregnancy 

13. Sex difficulties 

14. Gain of new family 
member 

15. Business readjustment 

16. Change in financial state 

17. Death of a close friend 

18. Change to different line 
of work 

19. Change in number of 
arguments with spouse 

20. Mortgage over $10,000 

21. Foreclosure of mortgage 
or loan 

22. Change in responsibilities 
at work 

Column 1 Column 2 

(Mo./Yr.) (Past) 

Column 3 

(Present) 
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Life Events 

23. Son or daughter leaving 
home 

24. Trouble with in-laws 

25. Outstanding personal 
achievement 

26. Spouse begin or stop work 

27. Begin or end school 

28. Change in living conditions 

29. Revision of personal habits 

30. Trouble with boss 

31. Change in work hours or 
conditions 

32. Change in residence 

33. Change in schools 

34. Change in recreation 

35. Change in church activities 

36. Change in social activities 

37. Mortgage or loan less than 
$10,000 

38. Change in sleeping habits 

39. Change in number of family 
get togethers 

40. Change in eating habits 

41. Vacation 

42. Christmas 

43. Minor violations of the law 

72 

Column 1 Column 2 Column 3 

(Mo./Yr.) (Past) (Present) 
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Stress-Coping Rating Scale 

Instructions 

Listed below are general areas of your life in which you are 
experiencing varying levels of coping ability. Stress may be 
defined in terms of having or not having enough time, money, 
energy, etc. Or stress may be related to unresolved problems, 
on-going problems or problems needing special attention or 
consideration. Coping may be defined as your present ability 
to handle or manage the presence or lack of presence of stress, 
pressures or tension in your life. 

Using the scales below, circle the number that best describes 
the amount of stress you are presently experiencing in a part-
icular area of your life from 1 (no stress at all) to 10 (very 
high stress). Then circle, for each area, the level of your 
present coping ability from 1 (coping very well) to 10 (not 
coping well at all). 

Stress Level 

Family 
1 2 3 4 5 6 7 

O
 

i—1 

00 

No Stress Moderate Stress High Stress 
Coping Level 

1 2 3 4 5 6 7 8 9 10 

Coping 
Very Well 

Coping with 
Some Problems 

Not Coping 
Well at All 

Stress Level 

1 2 3 
Work 

4 5 6 7 8 9 10 

No Stress Moderate Stress High Stress 
Coping Level 

1 2 3 4 5 6 7 8 9 10 

Coping 
Very Well 

Coping with 
Some Problems 

Not Coping 
Well at All 
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Stress Level 

1L 

School 
1 2 3 4 5 6 7 8 9 10 

No Stress Moderate Stress High Stress 

Coping Level 

1 2 3 4 5 6 7 8 9 10 

Coping 
Very Well 

Coping with 
Some Problems 

Not Coping 
Well at All 

Stress Level 

Personal 
1 2 3 4 5 6 7 8 9 10 

No Stress Moderate Stress High Stress 

Coping Level 

1 2 3 4 5 6 7 8 9 10 

Coping 
Very Well 

Coping with 
Some Problems 

Not Coping 
Well at All 

Stress Level 

Over-All 
1 2 3 4 5 6 7 8 9 10 

No Stress Moderate Stress High Stress 

Coping Level 

1 2 3 4 5 6 7 8 9 10 

Coping 
Very Well 

Coping with 
Some Problems 

Not Coping 
Well at All 
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Symptom Check List 

Name Date 
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People report different ways of experiencing stress. The 
following is a list of stress signals. While no one ever 
experiences all the signals, it is not uncommon for one 
to find several or even many of them present when one is 
tense, anxious, or under stress. Please indicate the ex-
tent to which you presently experience each of the symp-
toms. Rate each sign according to the following scale: 
l--did not notice it, 2--weak but aware of it, 3--mild, 
4--intense, 5--very intense. Circle the appropriate number 
following each stress signal. 

1. nausea 
2. headache (migraine). 
3. headache (tension. . 
4. constipation 
5. temper outburst . . . . 
6. chills 
7. aches/pains 
8. restlessness 
9. frequent urination . 
10. irregular eating habits 
11. acid stomach 
12. difficulty in sleeping. 
13. jaw clenching 
14. rapid heartbeat . . . . 
15. grinding teeth . . . . 
16. feelings of foreboding. 
17. dizziness or faintness. 
18. muscle tension . . . . 
19. bloating 
20. clammy hands 
21. hot flashes 
22. shakiness 
23. listlessness 
24. crying easily 
25. difficulty in concentration 
26. confusion 
27. dryness of mouth. 
28. spasm, twitches, tics . 
29. cold hands or feet . 
30. stomach cramps . . . . 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
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31. trembling 
32. forgetfulness 
33. diarrhea 
34. neck pain 
35. itching 
36. irritability 
37. weakness in legs. 
38. skin problems 
39. perspiration 
40. flushing 
41. chest pains 
42. difficulty in swallowing . 
43. ragged breathing. 
44. tingling or numb feelings. 
45. stammering-speech problems 
46. feeling hurried . . . . 
47. swelling 
48. other 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
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Appendix G 

Daily Intake Record 

In the columns on the next page please list all foods, non-

alcoholic drinks, alcohol, medication and drugs ingested, 

inhaled, or injected. Column 1 lists the time of day. List 

entries on the Daily Intake Record at the time which most 

closely represents the time you ate, drank, or took medica-

tion. In column 2, please list the foods and non-alcololic 

drinks consumed. The type and amount of alcohol is to be 

listed in column 3. Any drugs or medication are to be listed 

in column 4. Please list the name and the amount taken. 
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Day: 

Daily Intake Record 

Date: Name: 

Time of Food/ 
Day Non-Alcoholic Drink 

Alcohol Med./Drugs 
Type/Amt Type/Dosage 

6:00am 

7:00 

8:00 

9:00 

10:00 

11:00 

12:00 

1:00pm 

2:00 

3:00 

4:00 

5:00 

6:00 

7:00 

8:00 

9:00 

10:00 

11:00 

12:00 

1:00am 

2:00 
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Appendix H 

Brief Health Questionnaire 

Name Initials Date 

1. Have you had alcohol, aspirin, medication or drugs, 

including marijuana in the last 72 hours? Yes No 

2. Has your diet changed recently? Yes No 

3. What has your average night's sleep been the last 72 

hours? 

4. Have you exercised extensively in the last 24 

hours? Yes No 

In the last 60 minutes? Yes No 

5. Have you been out in the sun for longer periods of 

time than usual sunbathing? Yes No 

6. Have you felt ill in any way in the last 10 days? 

If yes, describe symptoms. Yes No 



80 

Appendix I 

Training Evaluation 

1. What were you goals for biofeedback training? 

1. 
2. 
3. 
4. 
5. 

2. Were your goal(s) met in biofeedback training? 

1 2 3 4 5 6 7 8 10 
Not at Somewhat Goals 

all partially Completely Met 

3. What did you learn most for yourself in biofeedback 
training? 

4. Are you planning on continuing to practice the relax-
ation skills regularly and incorporating these skills 
in your lifestyle? 

5. During your training how often did you practice relax-
ation outside the Biofeedback lab? 

# times a week 

Below give percentages of which Relaxation methods you 
used. (Total 100%) 

Relaxation Tape Deep Muscle (Side 1) 

Relaxation Tape Progressive Mental (Side 2) 

Deep Breathing 

Relaxation on your own (12 min. or more duration) 

Relaxation on your own (5-12 minutes) 

Relaxation on your own (Less than 5 minutes) 

Others please list 
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of Mood States 
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Figure 10. Mean ratings on the Family Stress 
scale of the Stress-Coping Rating 
Scale 
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Figure 12. Mean scores on the Work Stress 
scale of the Profile of Mood States 
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