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ABSTRACT

, Forty-one depressed college students participated 
in a 10-week program consisting of either aerobic exer
cise , nonaerobic exercise, or no exercise at all. Two 
psychological paper-and-pencil measures (POMS and Zung 
SDS), two physiological measures (resting heart rate and 
recovery heart rate), and a biochemical measure (plasma 
beta-endorphin level) were taken on all subjects before 
and after the 10-week treatment period. , j

Although depression decreased for all groups at 
the conclusion of the study, it is doubtful that aerobic 
exercise influenced the decrease, or that basal plasma 
beta-endorphin level was related. Cardiovascular fitness 
increased in the aerobic exercise group, but depression 
scores were not significantly different from the placebo 
control or the control groups, nor did basal plasma beta- 
endorphin level change in any of the groups. Reevaluation 
of studies which demonstrate a positive effect of physical 
exercise on psychological states may be called for.

ix



CHAPTER 1

INTRODUCTION

The ability to adapt to the natural and social 
environment, and to use the physical culture to find use
fulness in society is a prerequisite for good health in 
general, both mental and physical (Mlatecal, 1975). The 
constant demand of an ever-changing environment which 
requires adjustments by the organism to survive is termed 
"stress" by Hans Selye (1974) and Wool folk and Richardson 
(1978). Stress is a reality which is credited with lead
ing to a broad spectrum of ills in the biological and 
medical fields, although disagreement as to its specific 
definition is widespread (Mason, 1975). Selye (1974) 
called it the "wear and tear on the body and mind." Others 
alluded to its involvement in a large number of illnesses 
treated in hospitals, which are considered psychosomatic 
in nature (Buchman, 1975). A holistic view of health was 
emphasized: mind and body responses to stress are inter
related. One must influence the other (Selye, 1974;
Martin, 1977; Anderson, 1979).

Mental illness may be thought of as an inability 
of the organism to adapt to the demands of the environment. 
Depression is deemed to be the most typical form of mental

1



1 ■ 2
illness in modern society, and actually is viewed as 
almost endemic (Brown, Ramirez, & Taub, 1978). Like the 
term "stress," the term "depression" encompasses a large 
scope, ranging from a daily mood swing to a specific 
pathological state (Zung, 1973). Characterized in general 
by sadness and despondency, mental and motor retardation, 
and inhibition (Laxer, 1974), Zung (1975) has differen
tiated depression into four categories:

1. An affect, which is a subjective feeling of 
short duration.

2. A mood, which is a state sustained over a 
longer period of time.

3. An emotion, which is comprised of the feeling 
tones along with objective indications.

4. A disorder which has characteristic symptom 
clusters.

Treatment for the more serious and prolonged types 
of depression has centered primarily on drug therapy and 
psychotherapy. Evidence suggests that none of the tran
quilizer drugs currently used for treatment' of depression 
can be used over an extended period of time without risking 
side effects and addiction (deVries, 1981). Thus, alter
native treatments have been sought. If depression is 
considered in the holistic sense, then it would be sensible 
to consider physical exercise as a possible alternative
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treatment. Morgan (1977b) supported this viewpoint on a 
theoretical level, stating that as exercise improves physi
cal health a concurrent improvement of mental health should 
also occur. In addition, he cited correlational evidence 
of the psychological benefits that exercise can provide.

Another important point Morgan (1977b) made in his
discussion of physical exercise as it relates to mental
well-being was that most research to date is correlational
rather than causal. It does little to explain the "why"
of the positive effects of exercise, and that is the
direction that future research should take:

The "feeling better" sensation which accompanies 
physical activity is so obvious that it is one of 
the few universally accepted benefits of exercise 
. . . The challenge for future investigators in
this area will be to adopt rigorous research 
designs . . . answers to the question of "why 
exercise improves affect" will be found at a 
biochemical level (Morgan, 1977b, pp. 16-17).

If not for the addictive nature of the opiates and 
society's disfavor, narcotic analgesics may have provided 
positive treatment for depressive disorders. Work with 
exogenous opiates resulted in the typical behavioral 
effects of relaxation and a feeling of well being (Verebey, 
Volanka, & Clouet, 1978) and some success had been recorded 
with the few uses of it in treating mental illness (Marx, 
1981). The discovery of the "natural" or endogenous 
opoids, particularly beta-endorphin, spurred further inves
tigation because of the similar opioid chemical structure,
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and similar effects on affective behavior. The natural 
release and degradation of beta-endorphin within the body 
seemingly eliminates the addictive qualities which are 
found with exogenous opiates. Thus exogenous opioids 
could be desirable for treatment therapy of depression,

As Morgan (1977b) mentioned, the "feeling better" 
Sensation unequivocally attributed to physical exercise had 
encouraged its use as treatment therapy for depression with 
fair success (Barnes, 1980; Brown et al„, 1978; Greist et 
al,, 1975). Exercise physiologists have analyzed the bio
chemical changes accompanying exercise, and fairly consis
tent changes in levels of plasma beta-endorphin have been 
noted. Not only have studies indicated an increase in 
plasma beta-endorphin immediately following acute exercise 
(Colt, Wardlaw, & Frantz, 1981; Fraioli et al., 1980; 
Farrell et al., 1981), but studies also have demonstrated 
a greater increase in plasma beta-endorphin level as the 
intensity of exercise increases (Bortz et al., 1981;
Fraioli et al., 1980). Increase in level of plasma beta- 
endorphin after a training program has also been demon
strated (Carr et al., 1981; GAmbert et al., 1981).

. The overlap of euphoric feelings associated with 
endogenous opioids and their increased presence accompany
ing exercise could lead to favorable application of both 
to affective disorders.
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Is there a relationship between the "good feeling" 

obtained from exercise and the presence of endogenous 
opiods, specifically beta—endorphin, in the circulation?
If there is a relationship, is there a practical applica
tion of exercise to the treatment of depression?

It is the intent of this study to examine the 
relationship that may exist between the mental state of 
depression, the endogenous opioid, beta-endorphin, and 
different intensities of physical exercise.

Statement of the Problem
The purpose of this investigation was to examine 

changes that occur in depression levels and cardiovascular 
fitness for a depressed population following different 
intensities of physical exercise, an exercise program which 
is aerobic, an exercise program which is not aerobic, and 
no special aerobic or nonaerobic program for the control 
groupo In addition, the effects of two different aerobic 
activities (jogging and aerobic dance) were compared,
Change in depression was measured by paper-and-pencil 
testing means (Profile of Mood States and Zung Self-Rating 
Depression Scale), A biochemical measure, plasma beta- 
endorphin level was also used. The correlation between 
the depression measures was examined as well as the corre
lation between depression and pre- and post-cardiovascular
fitness.
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Statement of the Hypothesis 

It was hypothesized that:
1„ There will be a significant change in depression 

scores as measured by the POMS, the Zung SDS, and 
plasma beta-endorphin level for subjects in the 
aerobic exercise group compared to the nonaerobic 
exercise group and the control.

2. Subjects in the aerobic exercise group will show 
an increase in cardiovascular fitness at the end 
of the 10—week exercise program, while subjects 
in the nonaerobic exercise group and the control 
group will not.

3. Both the joggers and the aerobic dancers will 
achieve an increased level of cardiovascular 
fitness; the intensity of fitness achieved will 
be the same for both groups.

4. There will be a correlation between plasma beta- 
endorphin level and the Zung SDS score for this 
depressed population.

5. Post-treatment plasma beta-endorphin level will 
be higher for the aerobic exercise group than for 
the nonaerobic exercise group or the control 
group.
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Definitions of Terms

Operational definitions of terms used throughout 
this investigation are as follows:

1. Depression. Depression is a syndrome comprised of
coexisting signs and symptoms which signify the 
pressure of pathological disturbances or changes 
in four areas: somatic, psychological, psycho-
motor, and mood (Zung, 1973).

2. Depressed Subject. For the purpose of this study, 
a subject was considered depressed if across a 3- 
3-week time span he/she scored above 20 on the 
depression/dejection scale of the Profile of Mood 
States (POMS) and also scored above 45 on the Zung 
Self-Rating Depression Scale (SDS) .

3. Profile of Mood States (POMS). This is a 65-item 
mood adjective checklist from which six mood scales 
are derived. This study was concerned only with 
the depression/dejection mood scale.

4. Zung Self-Rating Depression Scale (SDS). This is 
a self-test checklist used to rate depression as 
a disorder. It is intended to measure the inten
sity of depression and does not differentiate 
between the various types of depression.

5. Control Group. The control group is a group of 
subjects who tested as depressed, but who only
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continue with their normal routine of activities. 
The exercise engaged in by them is minimal.

6. Psychological Fitness. This refers to the quality 
of adjustment in everyday functioning; it may be 
gained or lost over time (Folkins et al., 1972).

7. Aerobic Activity. A variety of exercises, such 
as running, swimming, cycling and jogging, that 
stimulate heart and lung activity for a time per
iod sufficiently long to produce beneficial changes 
in the body is collectively termed aerobics. For 
this study, jogging and aerobic dance comprised 
the aerobic activity.

8. Nonaerobic Activity. Activity which is either not 
intense enough or of sufficient duration to stimu
late heart and lung activity and produce beneficial 
changes in the cardiovascular-respiratory systems 
of the body is nonaerobic. For this study recrea
tional games and bowling comprised the nonaerobic 
activity.

9. Cardiovascular Fitness. A more general, total 
body phenomenon, cardiovascular fitness refers 
to the ability of the body to sustain prolonged, 
rhythmical exercise. In this study, it is mea
sured by lower resting heart rate and lower recov
ery rate after exercise, as demonstrated by
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improved score on the Getchell Step Test (Wilmore, 
1981; Getchell, 1979) o

10. Physiological Training Effect. This refers to the 
changes induced by exercise in the various systems 
and organs of the body. The exercise must be of 
sufficient intensity and be carried out over an 
extended period of time (Cooper, 1970; deVries, 
1974; Clarke, 1975).

11. Beta-lipotropin. Beta-lipotropin is the chemical 
progenitor of the endorphins and enkephalins 
released by the pituitary gland. It is devoid of 
opiate-like activity (Finck, 1979).

12. Beta-endorphin. The term was coined from "endo
genous" and "morphine.” It refers to the peptides 
derived from beta-lipotropin amino acid sequence 
61-91 with morphine-like activity.

13. Enkephalin. This is the short-acting pentapeptide 
which behaves like morphine. It is also derived 
from beta-lipotropin.



CHAPTER 2 .

REVIEW OF THE LITERATURE

Depression is the most common psychopathology in 
society today (Brown et al„, 1978). As such, it has almost 
routinely been treated with drug therapy and/or psycho
therapy. In an effort to ascertain the "why" of mental
illness, as well as effective treatment for it, psychiatry- . . ' . • _ V .
has recently joined forces with biochemistry to lead to an 
era of "psychiatric chemistry." The concentration of 
certain chemicals in urine, blood, and cerebro-spinal 
fluid can be measured, and this information used in the 
diagnosis of mental illness, and then treatment and ther
apy for it (Maugh, 1981). Kopin and Axelrod pioneered 
in psychiatric chemistry with work on the brain catecho
lamines. Other chemical landmarks for mental illness 
additionally have been under investigation (Maugh, 1981).
A recent chemical of particular interest is the endogenous 
opiod peptide, beta-endorphin.

Background of Endogenous Opioids 
The search for the existence of endogenous opioids 

was spurred by both narcotic addiction research and the 
discovery of "opiate" receptor" activity in the brain 
(Verebey et al., 1978). This discovery suggested that

i
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11
naturally occurring oplate-like substances might exist in 
the brain. Beta-lipotropin, long identified with the 
pituitary gland and associated with lipolytic activity, 
was known to have a similar chemical structure to the 
opiates, but no opiate-like activity could be associated 
with it (Lohmar & Cho, 1968; Finck, 1979). Not until the 
mid 1970s was a peptide fragment of beta-lipotropin iso
lated and found to mimic the action of morphine (Tregear 
& Coghlan, 1980). Eric Simon (cited by Finck, 1979) com
bined the words "endogenous" and "morphine" to coin the 
term "endorphin," referring to all peptides in the brain 
with morphine-like activity. Further research associated 
analgesic action and euphoric change of mood to beta- 
endorphin, and also a greater potency and longer-lasting 
action than morphine.

A shorter-acting penta-peptide also derived from 
beta-lipotropin was labeled "enkephalin." Its key differ
ence from endorphin appeared to be in biological stability 
(Tregear & Coghlan, 1980). Additionally, the major loca
tion of the pentapeptides differed. Enkephalins predomi
nate in the brain, while there is considerably less endor
phin identified there. Rather, its major source seems to 
be the pituitary gland (Verebey et al. , 1978; Finck, 1979). 
The question of endocrine (namely, pituitary gland) versus 
brain origin of beta-endorphin still needs to be answered 
definitively (Moore, 1982). Tregear and Coghlan (1980)
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asserted that brain endorphin levels are independent of 
pituitary gland endorphin levels; other researchers point 
to the same assumption (Goldstein, 1976; Finck, 1979)„
This is an important point, and will be addressed in a 
discussion of the physiological significance of plasma 
levels of beta-endorphin in relation to brain levels of 
the chemical„ It remains to be established what the
relationship between enkephalin, endorphin, and other

\biologically active peptides actually is.
\

Role of Beta-endorphin in Mental Illness 
Beta-endorphin is attributed with playing a major 

role in a variety of physiological processes, ranging from 
pain perception and tolerance, eating, and sexual behavior 
to regulation of cardiovascular control and respiration 
(Tregear & Coghlan, 1980). Conflicting results have been 
reported with much of the research. Perhaps the most 
important point is noting the presence and possible impli
cation of beta-endorphin in so many different processes.

The most dramatic effects of beta-endorphin have 
been in the behavioral realm. Endorphin has been dis
cussed in relation to mental illness because of its pro
found effects on mood (Marx, 1981). Before the discovery 
of endorphins, there were suggestions that opiate drugs 
be used to treat mental illness. In fact, Marx noted 
there are numerous studies in which exogenous opioids were
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administered to psychotic and neurotic patients, with 
behavioral improvement resulting. However, because of 
prevailing social and legal attitudes toward the use of 
opioids, and the lack of a scientific base for their use 
in therapeutic programs, clinical testing was not initi
ated (Verebey et al., 1978). The discovery of naturally 
occurring opiates has changed that position. Attention 
now has focused on endorphins and mental illness for 
several reasons, listed by Gerner et al. (1980):

1. the psychoactive properties of the opioids;
2. the location of opiate receptors and endorphins in 

brain areas thought to be important in regulating 
behavior; and

3. determination that endorphins interact with neuro
transmitter systems thought to be important in 
mental illness, especially dopamine.

The profound analgesic effects of beta-endorphin 
were demonstrated by the injection of synthetic replicates 
of the chemical into both animals and human patients in 
chronic pain (Oyama, Jin, & Yamaya, 1980). Stein and 
Belluzzi (1978) did research with rats, giving them access 
to Ringer’s solution, morphine, or endorphin. Endorphin 
was chosen most often, supporting their hypothesis of 
endorphins serving as modulators for neuronal systems of 
satisfaction and reward. In addition, they noted, it 
reflected an addicting action of endorphin. Natural
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addiction could have profound implications for endorphin 
research with humans„ Other researchers also indicate 
that endorphins may display properties similar to the 
exogenous opiates, morphine and opium (Goldstein, 1976; 
Kosterlitz & Hughes, 1978; Finck, 1979; Gerner at al.,
1980; Morley & Levine, 1980; Moore, 1982) „ Kosterlitz 
and Hughes (1978) cast some doubt on this association, 
however, citing findings that naloxone, an opioid antag
onist, has only a small effect on normal animals even in 
large doses„ They hypothesized that the endorphins are 
inactivated so rapidly that opiate receptors are exposed 
only for a short time and tolerance cannot develop within 
the human organism. Further investigation is called for 
to be able to draw conclusions in either direction.

Recent studies have focused on the role of endor
phins with schizophrenic and depressed subjects. The 
leading theories postulate that there is either an excess 
of brain opiates, or a lack of brain opiates in relation 
to mental illness, and there is a basis for both views 
(Marx, 1981). Abnormal endorphin levels have been found 
in psychiatric patients (Davis, Buchsbaum, & Bunney, 1979) 
Gerner et al. (1980) reported significant improvement in 
ten depressed patients infused with synthetic human beta- 
endorphin. Six of eight schizophrenic patients also 
infused with the synthetic beta-endorphin worsened, on the 
other hand. Beta-endorphin injected into the spinal fluid



15
of rats resulted in a condition of rigid catatonia similar 
to that seen in schizophrenia (Marx, 1981)„ Another group 
of investigators showed a similar catatonic reaction 
induced by endorphins in human subjects, but they were 
less eager to relate such occurrence to schizophrenia per 
se (Nerz et al., 1978). The method and site of injection 
was cited as important in a study of nine male schizophren
ic patients injected intravenously with beta-endorphin in 
which no significant changes in behavior were noted (Berger 
et al., 1980).

In a case study of a manic-depressive patient 
charted over a 93-day period (Pickar et al., 1980), it was 
observed that the plasma opioid activity was elevated 
during the manic stage and was consistently low over a 
stable month of depression. This suggests that an imbal
ance of beta-endorphin may relate to mental illness.
Verebey et al. (1978) extensively reviewed current research, 
and hypothesized that a "normal" level of endorphins may be 
needed for homeostasis. Thus, the level of endorphins in 
the brains of the mentally ill may be disturbed. Gerner 
et al. (1980), although acknowledging the over-simplistic 
nature of the hypothesis of Verebey et al. (1978), suggested 
a unitary hypothesis for affective disorders: depressed
patients may have a deficit of beta-endorphin, while manic 
patients have an excess. To be sure, a more precise role 
of endorphins in affective disorders still needs to be
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established, and the unitary.hypothesis thoroughly 
researched.

Endorphins and Physical Exercise
Research has found common ground between beta- 

endorphin levels and physical exercise. However, results 
in this area also tend to be equivocal. Carr et al. (1981) 
noted an increase in plasma beta-endorphin levels as well 
as in adrenocorticotrophic hormone (ACTH) levels in 
seven initially untrained women who underwent a training 
program. The researchers concluded that acute exercise 
causes a rise in the plasma beta-endorphin level, and that 
training augments this rise after exercise. These find
ings were reiterated by a training study involving four 
men and one woman in which a rise in plasma beta-endorphin 
resulted after acute bouts of exercise, and by another 
study of five men and four women, initially untrained, in 
which a similar rise in plasma beta-endorphin level was 
noted (Cambert et al., 1981).

The small number of subjects in these studies, 
plus the observation of a significantly larger increase in 
plasma beta-endorphin levels for the men than the women, 
leads to questions of the power and significance of such 
findings. Farrell (1981) criticized the design of the 
Carr et al. (1981) study. He strongly objected to the 
exercise protocol of the study, by which work output
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successively increased as training progressed. He also 
questioned the lack of definition by the investigators of 
"graded increase of exercise." Farrell (1981) maintained 
that rather than conclude that training led to a rise in 
the plasma levels of beta-endorphin and beta-lipotropin, 
it would be more accurate to attribute the rise to the 
difference in work intensity. Carr et al. (1981) acknowl
edged association between work output and rise in beta- 
endorphin and beta-lipotropin. They still maintained, 
however, that there was evidence to suggest that a rise in 
the endogenous opioids was due to a training effect. The 
investigators elaborated on the protocol used, describing 
a systematic protocol based on maximal heart rate. This 
was to ensure maximum energy output for each subject each 
exercise session. The design was indeed solid.

Farrell (1981) also questioned that the changes 
in plasma levels were termed "beta—endorphin secretion." 
Carr et al. concurred with the validity of the criticism, 
as actually plasma concentrations were measured. A rise 
in the plasma level could have been due to the reduced 
degradation of beta-endorphin just as easily as to an 
increased secretion of the chemical. Thus, it was 
erroneous to assume that secretion occurred.

A final criticism by Farrell (1981), echoed by 
Hawley and Butterfield (1981), concerned the conclusions 
reached by Carr et al. (1981) in light of the current
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ambiguity of interpretation concerning plasma beta- 
endorphin levels. The primary action of opioids is known 
to occur in the central nervous system (Hawley & Butter
field, 1981), and whether plasma levels reflect central 
nervous system levels of beta-endorphin is unsettled. 
Jacquet (1980) cited studies in which administration of 
beta-endorphin directly to the brain resulted in analgesic 
effects. Studies in which intravenous injection of beta- 
endorphin was the method, Jacquet noted, did not show 
effects. He asserted that equivocal results involving 
endogenous opioids may be due more to the failure of 
beta—endorphin to gain entry to the brain than failure 
of it to act.

Oyama and Yamaya (1980) reiterated Jacquet's 
(1980) position in reporting a study in which 14 chronic 
pain patients received relief after intrathecal injection 
of beta-endorphin. They stated that the blood-brain 
barrier is impermeable, and requires administration of 
beta-endorphin directly into the central nervous system. 
Snyder (1977) and Tregear and Coghlan (1980) supported 
this view, observing also the low levels of beta-endorphin 
in the circulation. Finck (1979) reported relief follow
ing intraventricular injection to pain patients.

The study by Gerner et al. (1980), as discussed 
earlier, was one of the few studies to contradict these 
findings and involved the intravenous infusion of synthetic
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beta-endorphin to depressed and schizophrenic patients. 
Positive results led the researchers to suggest that 
peripherally administered beta-endorphin can cross the 
blood-brain barrier and affect the central nervous system. 
Also supporting a positive relation between peripheral and 
central levels of beta-endorphin is the manic-depressive 
case study in which changes in plasma levels of beta- 
endorphin mirrored changes in stages from mania to depres
sion (Pickar et al., 1980).

Physical exercise studies measuring beta-endorphin 
have done so at the peripheral level (Fraioli et al., 1980; 
Carr et al., 1981; Colt et al., 1981; Farrell et al., 1981). 
Bortzet al. (1981) demonstrated a relation between cate
cholamines, dopamine, and beta-endorphin after extreme phys
ical exertion, concluding that there is interaction between 
the central nervous system and the periphery due to the high 
level of physical activity. The possibility that exercise 
may lead to communication between plasma and central levels 
of endorphin is noteworthy and should be explored.

Carr (1981) acknowledged the question of permeabil
ity of the blood-brain barrier in beta-endorphin research, 
but stressed the lack of clear evidence in either direction 
or of the degree of communication between the periphery and 
central nervous systems under exercise conditions. Moore 
(1982) emphasized this viewpoint and strongly suggested 
examination of the change in brain levels of beta-endorphin
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with exercise. Until then, there is no fair base for 
claims either way. Rather, until the measurement of brain 
levels is possible, researchers should be cautious in 
attempting to explain what changes in plasma beta-endorphin 
actually mean. The resolution of this controversy will be 
the key to further advances in this area.

Intensity of exercise is a question that has been 
addressed in the literature. A study using eight trained 
athletes reaching physiological stress under acute exercise 
conditions showed an increase in both plasma beta-endorphin 
levels and ACTE as did the Carr et al. (1981) study. This 
implies similar action of the two chemicals by way of the 
pituitary gland (Fraioli et al., 1980). Terjung (1979), in 
a review of endocrine response to exercise, made the obser
vation that cortisol and ACTE response is related to work 
intensity; this observation seemed also to be the case for 
plasma beta-endorphin levels (Colt et al., 1981). Twenty- 
six trained long-distance runners were measured for plasma 
beta-endorphin levels before and after running at different 
intensities; 45% of the runners showed an increase after an 
easy job, but 80% showed an increase after a strenuous run. 
In a similar case, six experienced runners monitored on the 
treadmill showed a significant increase in plasma beta- 
endorphin level only after the runners were working at 60% 
of their maximum output (Farrell et al., 1981). This would 
indicate that physical exercise increases the immediate
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plasma beta-endorphin level, with the most significant 
increases in direct relation to the intensity of the exer
cise „ To add further credence to the hypothesis, the 
highest plasma beta-endorphin levels recorded to date were 
exhibited by experienced runners involved in a 100-k-mile 
road race (Bortz et al., 1981).

Another interesting observation in the Colt et al. 
(1981) study was that there appeared to be a negative 
correlation between the number of years of experience 
running and the percent increase of beta-endorphin. Sub
jects who had the most running experience (in years) had 
the smallest percentage increase of beta-endorphin. In 
measuring plasma beta-endorphin levels in 15 endurance- 
trained males under acute exercise conditions, a difference 
in endorphin levels existed according to age (Appenzeller 
et al., 1980). Those under 39 years of age showed a signif 
leantly greater increase in plasma beta-endorphin level 
than those over 40 years old. This difference could be 
attributed to age or perhaps again to years of running 
experience; the authors did not indicate the running back
ground of the subjects. Six athletes were compared to six 
nonathletes in an acute exercise situation (Berk et al., 
1981); although elevation in plasma beta-endorphin levels 
was noted for each group, a different pattern emerged for 
athletes compared to nonathletes. While both the athletes
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and the nonathletes used the same treadmill test and the 
Bruce protocol, the athletes exhibited peak beta-endorphin 
levels one stage before the maximum and it seemed to sig
nal the end of maximal performance. Nonathletes exhibited 
the highest levels of beta-endorphin soon after the exer
cise was completed, and levels were much higher than for 
the athletes. Again, it can only be hypothesized that 
experience was the determining factor in level of plasma 
beta-endorphin increase.

These and other studies investigating beta-endorphin 
indicate that properties exist analogous to tolerance and 
withdrawal symptoms, and can be attributed to the opioid- 
based nature of the chemical (Goldstein 1976; Kosterlitz 
& Hughes, 1978; .Finck, ■1979'; Fraioli et al. , 1980; Morley 
& Levine, 1980). On such grounds do some runners base 
their claims for existence of a "runner’s high." Others 
have gone so far as to speak of an addiction to running 
(Morgan, 1979). As several researchers remarked, however, 
peripherally administered beta-endorphin has led to 
minute analgesic or behavioral changes. Once again, the 
blood-brain barrier question looms.

Physical Exercise and Depression
Plasma beta-endorphin level has been identified 

as possibly playing a role in depression, and also has been 
shown to be altered by physical exercise. It follows
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logically that exercise may play a role in decreasing 
depression also.

Before beta-endorphins had first been identified, 
the physical-psychological correlation in physical exer
cise had been proposed. Psychological fitness, meaning 
adjustment in everyday function, was deemed a function 
of physical fitness by those who supported the mind-body 
unity (Cureton, 1963; Hammett, 1967; Barnes, 1980).
Clarke (1958) summarized benefits of physical fitness in 
an extensive review, citing psychological benefits as an 
important contribution of physical training.

No difference in psychological states was noted 
for 150 subjects tested on the treadmill and working at 
differing heart rates (Morgan, Roberts, & Feinerman, 1971). 
However, subjects did report a subjective "feeling better" 
sensation. Neuro-physiologic or biochemical alterations 
may have resulted which as yet have not been measurable.

A difference in mood, anxiety, self-confidence and 
physical fitness was demonstrated for male recruits after 
a 6-week basic training program (Kowal, Patton, & Vogel, 
1978). Female recruits did not show any difference in 
mood, anxiety, or self-confidence; neither was their level 
of fitness improved, however. The minimal challenge of 
the training program to the women, which differed from 
the men’s program, may have limited any affective changes. 
Folkins, Lynch, and Gardner (1972) looked at college
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students enrolled in jogging, archery, and golf classes 
and noted that there was marked improvement for the women 
joggers, and also that there was a correlation between 
changes in psychological fitness measures and physical 
fitness measures: those in the poorest shape showed the
greatest improvement both physically and psychologically. 
This significance could be due to a change-score phenom
enon alone, however, as logically, those in worse condi
tion will tend to regress more drastically. Subjects chose 
to enroll in either jogging, archery, or golf, and only 
those in the jogging classes were tested for physical 
fitness; therefore design weaknesses hamper drawing firm 
conclusions.

Studies involving specialized groups of subjects 
have shown a positive connection between physical activity 
and affective behavior also. Researchers found a decrease 
in depression and.anxiety as measured by the MMPI for 93 
alcoholics after a 12-month physical fitness program 
(Murphy et al., 1972). The lack of a control group is a 
serious flaw in this design, however. Folkins (1976) 
worked with males at high risk of coronary heart disease 
and placed one-half of the group into an exercise training 
program and the other one-half of the group was without 
the exercise (essentially, a control group). Improvement 
in physical fitness for the exercised subjects was 
accompanied by a decrease in depression and anxiety,
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although no increase in self-confidence, adjustment, or 
body image was shown. McPherson (1967) also worked with 
cardiac patients in an exercise program or without the 
exercise. He compared them to normal, healthy subjects 
in an exercise program or without the exercise and found 
that the cardiac exercisers had the most improvement in 
both fitness level and personality changes. Both Folkins 
and McPherson noted that the psychological gains were most 
apparent for the most unfit subjects. Thus, even though 
an attempt to maintain a control group was made, differing 
levels of fitness at the start of the studies weaken any 
conclusions which may be made.

Stamford, Hambachef, and Fallica (1974) and Powell 
(1974) separately studied the effects of physical exercise 
on the psychological state of institutionalized geriatric 
mental patients. Stamford et al. compared nine males 
exercising 5 days.a week for 12 weeks to a control group 
of eight patients. He noticed a training effect for the 
exercised patients and also a positive change in both 
overt behavior and two of four psychological tests. Powell 
included females as well as male mental patients in his 
study, and compared three groups: a mild exercise group,
a social activity group, and a control group. Interest
ingly, there was no change noted after 8 weeks, but a 
significant change for the exercise group materialized 
after 12 weeks of the program. No mention was made of a
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training effect being measured; the extended time period 
before changes were noted points in that direction, how
ever. Results definitely indicated that exercise treat
ment was more prominent than merely social interaction in 
contributing to cognitive improvement,

Three chronic psychiatric patients were enrolled 
in a supervised jogging program and were compared to three 
other chronic psychiatric patients in the same setting.iwho 
also received attention but no jogging program (Lion, 1978). 
Less posttest trait anxiety was demonstrated, although no 
change in body image was.apparent. Lion concluded that the 
most important finding was that exercise, even in minimal 
amounts, alleviated levels of anxiety.

After a 6-week exercise program in which 101 normal 
male subjects were involved in either circuits, jogging, 
swimming, the treadmill, or the bicycle ergometer, no 
reduction in depression was noted for any exercise group 
compared to a control group of males who were unable to 
exercise because of time limitations. There was, however, 
a significant reduction in depression evident for 11 of 
the subjects who were deemed depressed at the start of the 
experiment by their score on the Zung SDS compared to the 
controls. Morgan et al. (1970) pointed to the desirability 
of a more randomly selected control group for a tighter 
research design.
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Another observation Morgan et al. (1971) made 

was that many of the subjects reported a "feeling of 
well-being" from participating in the exercise program.
This "feeling better" sensation had been noted in other 
studies (Morgan et al., 1971; Cureton, 1963). It may be 
that the psychometric tools used, such as the Zung SDS, 
are sensitive to measuring changes in depression levels 
and are not sensitive to measuring the general positive 
affective feelings reported by the subjects (Morgan et al., 
1970). If this "feeling of well-being" could be measured, 
an association between increasing endorphin levels and 
increasing feelings of well-being perhaps could be more 
closely studied.

Other research has examined depression and intensity 
of exercise. Normal and depressed subjects were exercised 
for 10. weeks by means of a variety of activities ranging 
from jogging to tennis to softball; all groups but the 
softball group had a decrease in depression level, but the 
greatest improvement was with the most active groups, down 
to the least active group, or control (Brown et al., 1978). 
Subjects had a choice of which activity they wished to be 
active in, or a choice of no activity at all. This may 
have been a contaminant if certain personality types 
gravitated to a specific activity. Brown et al. made the 
observation that in fact the most depressed subjects chose 
the most vigorous activity, for whatever reason.
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Therefore, the groups were not balanced at the outset of 
the investigation.

Dodson and Mullens (1969) took 18 psychiatric 
patients through four stages of exercise, each of which 
lasted 3 weeks. A control stage of no activity beyond 
the normal routine was followed by a light exercise stage 
in which heart rate did not change appreciably. A jogging 
stage followed in which subjects jogged a mile at their 
own pace; the last stage was light exercise again. Results 
indicated significant but dissimilar psychological changes 
manifested in the light exercise and the jogging stages. 
Light exercise was not an intermediary stage as was 
initially anticipated. Jogging resulted in better physical 
fitness and more positive psychological changes. The 
short time span for each stage of activity and the non- 
random selection of subjects weaken the interpretation of 
results in this study. Nonetheless, it is valuable for 
the direction in which it guides other research. In the 
same way, observation by Pickar et al. (1980) of lack of
motor activity in the depressed stage of a manic-depressive 
subject’s cycle, and also lower plasma beta-endorphin 
level, guides research in an interesting direction.

Another corollary, relating exercise and depression, 
can stem from comparing individually conducted exercise 
sessions to a group-format exercise program. Massie and 
Shephard (1971) specifically looked at the effectiveness
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of running individually versus running in a gymnasium with 
other people and concluded that the gymnasium program gave 
more psychological gains (extroversion, mood elevation, 
attitudes toward sport); in addition, the dropping out of 
fewer people suggested that the group seemed to sustain 
those involved better than those jogging alone. Other 
studies have grouped subjects according to different 
physical activities and compared the effects derived for 
each group, but whether differences resulted because of 
the individual versus group nature of the activity or 
because of the intensity of the activity was not well 
established. Tighter control of either factor is necessary 
in future research before firm conclusions may be drawn 
(Brown et al., 1978; Morgan et al., 1970; Folkins et al., 
1972).

The significance of the purported psychological 
benefits of exercise lies in part in its potential as an 
alternative treatment for depression. In a comparison of 
running therapy to time-limited or time-unlimited psycho
therapy, Greist et al. (1978) concluded that running was 
more effective than time-limited psychotherapy, and equally 
as effective as time-unlimited psychotherapy as treatment 
for 28 depressed men and women. Physical exercise is also 
less expensive, and has good physical side effects. Adams  ̂

and deVries (1972) recommended exercise as a treatment 
when tranquilizing effects are desired after comparing its



30
effect to the effect of the drug meprobamate upon resting 
musculature. Besides its greater tranquilizing effects 
exercise also eliminated the unpleasant side effects so 
common with drug use. Exercise could be a valuable adjunct 
to other current methods of treatment for mental depres
sion .

Review of the research in the exercise and depres
sion areas leaves several questions unanswered. Is the 
facilitative effect of exercise on depression associated 
with an elevation in plasma beta-endorphin level? What 
meaning does a rise or fall in plasma beta-endorphin level 
actually have? Is it possible to associate a change in 
plasma level of beta-endorphin with the brain levels of 
beta-endorphin, where behavioral actions are mediated?
Is it possible that exercise alters the existing communi
cation between the blood and brain for beta-endorphin?

What is the correlation between plasma beta- 
endorphin level and a paper and pencil measure of depres
sion? What intensity of exercise is necessary for a posi
tive change in depression and for a change in plasma beta- 
endorphin level? Perhaps changes in depression and beta- 
endorphin only occur when a physiological training effect 
is recorded, or there is evidence of cardiovascular bene
fits. Will aerobic exercises other than jogging have the 
same influence on depression as jogging programs do? While 
some individuals enjoy jogging, others are unable to



because of physical limitations or different preferences; 
they may be able to sucessfully participate in some other 
activity equally as strenuous. This particular investiga 
tion will attempt to examine some of these questions.



CHAPTER 3

DESIGN AND PROCEDURES.

This chapter deals with a description of subjects, 
the method of subject selection, tests administered, pro
cedures for pre-exercise and post-exercise testing, cri
teria for exercise, and statistical analysis of the data..

Subjects
The subjects who participated in this study were 

41 male and female students at The University of Arizona 
enrolled for the Spring Semester, 1982. Subjects ranged 
in age from 18 to 32 years. None of the subjects had a 
physical handicap. None of the subjects were undergoing 
psychotherapy, or were taking any kind of anti-depressant 
drug. All subjects completed a Human Consent Form (Appen
dix A). The subjects were not told they were participating 
in a study investigating depression.

Dependent Measures

Depression
The Profile of Mood States (POMS), a psychological 

inventory designed to measure for a 1-week time period 
different personality mood states, was administered

32
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initially (Appendix B)„ Emphasis was on the depression/ 
dejection scale score.

The Ztmg Self-Rating Depression Scale (SDS) was 
selected to measure the level of intensity of depression 
of the subjects (Appendix C). Subjects who scored 45 or 
greater on the SDS were considered to be depressed. 
Intensity of depression was judged to increase as the score 
increased on the 20-question paper and pencil test (Zung, 
1973).

The plasma beta-endorphin level was taken as a 
biochemical measure.

Physiological
The cardiovascular fitness level of the subjects 

was evaluated by measuring resting heart rate and recovery 
heart rate following administration of the Getchell Step 
Test (Getchell, 1979) (see Appendix D). Both tests were 
given before the 10-week exercise period, and immediately 
after its completion.

Procedures
Subjects for the activity groups were drawn from 

a pool of approximately 800 students enrolled in jogging, 
aerobic dance, recreational games, and bowling classes at 
The University of Arizona. The Profile of Mood States 
(POMS) was administered to all classes within the first 
2 weeks of the semester. Students who scored above 20 on
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the Depression Scale of the POMS had the Zung Self-Rating 
Depression Scale administered to them 2 weeks later. 
Students who scored 45 or higher on the SDS were identi
fied as potential subjects in the experimental activity 
groups. These same procedures were used for selection of 
control subjects, with the exception that a subject pool 
of approximately 300 students enrolled in various theory 
classes at The University of Arizona who were not also 
enrolled in physical education classes were intitially 
tested.

It is important for the purpose of this study 
that the depression measured was not transitory; thus it 
was necessary to score in the depressed range (> POMS,
> 4 5  Zung) across a 3-week time span to be considered for 
participation in the study. This was an attempt to estab
lish the depression measured as more of a disorder than 
merely a daily mood swing.

At the beginning and end of the 10-week exercise/ 
nonexercise program, beta-endorphin levels and physical 
fitness levels were taken. Resting heart rate before 
and recovery heart rate following the Getchell Step Test 
(Getchell, 1979) were taken in order to measure cardio
vascular physical fitness. A 10-ml blood sample was 
taken from each subject within 1 week of his/her identi
fication as a subject for this study. This was used to 
measure the initial base level of plasma beta-endorphin.
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Subjects abstained from alcohol, caffeine, and physical 
exercise for 24 hours prior to having the blood sample 
taken. The same procedure for measuring endorphin level 
was followed at the end of the 10 weeks. In addition, 
the POMS and SDS were administered across a 3-week time 
span at the end of the study. The blood samples were 
assayed in a laboratory at The University of Arizona 
Health Sciences Center.

Subjects in the jogging and aerobic dance groups 
exercised a minimum of three times each week for the 
10-week period. Each session lasted approximately 50 
minutes, with two of the sessions each week being group 
sessions. Subjects in these two groups were encouraged 
to exercise aerobically as much as they desired over the . 
minimum. Each subject monitored his/her own heart rate to 
assure that the exercise was strenuous enough. Subjects 
submitted log sheets at the end of each week, listing 
total physical activity for the preceding week.

Subjects in the nonaerobic recreational games/ 
bowling group met in group sessions twice a week for 50 
minutes each session. Both the nonaerobic exercise group 
and the control group were encouraged to refrain from 
aerobic types of activity for the 10 weeks of the study.
At the completion of the 10-week study, these subjects 
indicated their aerobic activity during the study.
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Measurement of Plasma Beta-endorphin

Blood samples were obtained from subjects twice: 
at the beginning of the 10-week exercise program and after 
its conclusion. Subjects were instructed to abstain from 
alcoholic or caffeine-containing beverages 24 hours prior 
to having blood drawn. All samples were drawn between 
2 P.M. and 6 P.M.

Ten milliliters of blood were drawn and immediately 
mixed with 200 uL of EDTA-Bacitracin solution and kept on 
ice. Plasma was spun at approximately 3,000 rpm for 7 min
utes at 4°C. The separated plasma was frozen and stored at 
-80°€. Samples were accumulated until the conclusion of 
the study; then all samples were thawed, lyophilized, and 
reconstituted to be assayed. Results were confirmed with 
repeat assay. A qualified technician at The University of 
Arizona Health Sciences Center conducted the assay tests 
and measurement.

The New England Nuclear B-Endorphin Radioimmuno
assay Kit was used to measure beta-endorphin levels. The 
kit is based on the use of an iodine-125 labeled 
B-endorphin as the tracer, and a rabbit anti-b-endorphin 
serum as the specific antibody. The basic principle of 
this radioimmunoassay is that of competitive protein 
binding where a radioactive and a nonradioactive antigen 
compete for a fixed number of antibody binding sites.
When unlabeled antigen from a standards or samples and a
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fixed.amount of the labeled antigen are allowed to react 
with a constant and limiting amount of antibody, decreasing 
amounts of the labeled antigen are bound to the antibody 
as the amount of unlabeled antigen is increased„

In the New England Nuclear B-Endorphin Kit, 
separation of the bound from free antigen is achieved by 
adsorption of the free onto activated charcoal. After 
centrifugation, the supernatant containing the bound anti
gen is decanted into a counting tube and the radioactivity 
is measured. The results obtained for the standards are 
used to construct a dose-response curve from which the 
values of the unknown samples may be obtained by inter
polation.

Because the antibody used had 50% cross-reactivity 
with bet a-lipotropin, initial values reflecting beta- 
endorphin +beta-lipotropin were corrected to reflect only 
beta-endorphin levels in the plasma.

Analysisof Data
The Pearson Product-Moment Correlations were used 

to determine the relationship between the five dependent 
variables. A groups by gender multivariate analysis of 
variance (MANOVA) test and equivalent univariate tests 
(ANOVAs) were conducted on each of the pre-treatment 
scores, and then on each of the post-treatment scores to 
determine whether differences in gender might have
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influenced the. results. To test for any initial differ
ences on the dependent variables, a MANOVA on the pre
treatment measures for the three groups was computed.

In order to test the influence of the different 
treatment conditions on the dependent variables, two-way 
(groups by pre- and post-time periods) repeated measures 
univariate F-tests (ANOVAS) were performed on each of the 
dependent variables. Prior to conducting the ANOVAs, a 
one-way groups MANOVA was conducted on the combined pre- 
and post-dependent variable scores. This substituted for 
a repeated measure MANOVA because no statistical program 
for this test is available at The University of Arizona.
The Neuman-Keuls sequential range test was employed as a 
follow-up to the ANOVAs when a significant groups main 
effect was obtained.

As a further test of post-treatment scores, a 
multivariate analysis of covariance (MANACOVA) and analyses 
of covariance (ANACOVAs) were run on the post measures, 
covarying out any influence initial pre-treatment levels 
might have had on post levels.

Finally, to determine if a change in cardiovascular 
fitness had occurred for the three treatment groups, paired 
t_ tests were run on the pre- and post-treatment physio
logical measures (recovery heart rate and resting heart 
rat e ).
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Subjects from the aerobic exercise group who had 

obtained a high level of cardiovascular fitness (15% 
decrease in recovery heart fate) were compared to a com
bined group of subjects from the nonaerobic exercise 
(placebo) group and the control group who had not changed 
in fitness level <, Analyses used considering these two 
groups were the same as those used for the three treatment 
groups.

Alpha was set at the .05 level of significance in 
all cases.



CHAPTER. 4

. RESULTS

Five dependent measures were taken for each sub
ject at two separate times during the study. The dependent 
variables were measured both before and immediately follow
ing the study. Two of the measures were physiological 
variables indicative of cardiovascular fitness (resting 
heart rate and recovery heart rate), two were psychological 
measures of depression (the depression score on the POMS 
and the score on the Zung SDS), and one was a biochemical 
measure believed to have some relationship to both cardio
vascular fitness and depression (plasma beta-endorphin 
level). ■

To determine if the dependent measures were corre
lated, Pearson Product-Moment Correlations were computed 
for the pre-measures and again for the post-measures (see 
Table 1). For the pre-treatment measures, there was a 
significant correlation between the physiological measures 
(p - .001); between the psychological measures (p = .02); 
and between recovery heart rate and the Zung depression 
measure (p = .03). Correlations for the post-treatment 
measures followed the same pattern as for the significant 
pre-treatment measures, but to an even stronger degree.
In addition, recovery heart rate was correlated with the.
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Table 1. Pearson Product-Moment Correlation Coefficients for the depen
dent variables of resting heart rate, recovery heart rate,
Zung SDS, arid plasma beta-endorphin level

Resting
Heart
Rate

Recovery
Heart
Rate

POMS
Score

Zung
Score

Beta-
endorphin
Level

Pre-treatment Measures
Resting heart rate 1.0000 .7756 

£ = .001
.1373 

£ = .196
.2915 

£ = .032
-.0107 
£ = .47

Recovery heart rate .7756 
p = .001

1.0000 .1707 
£ = .143

.2309 
£ = .073

-.0245 
£ = .44

POMS score .1373 
p =' . 032

.1707 
£ = .073

1.0000 .3348 
£ = .019

.1355 
£ = .12

Zung score .2915 
p = .032

.2309 
£ = 073

.3248 
£ = 0.9

li0000 .1901 
£ = .12

Beta-endorphin -.0107 
p = .47

-.0245 
£ = .44

.1355 
£ = .20

. 1901 
£ = .12

1.0000

Post-treatment Measures
Resting heart rate 1.0000 .6708 

£ = .001
.2113 

£ = .092
.3348 

£ = .016
-.2608 
£ = .05

: Recovery heart rate .6708 
£ = .001

1.0000 .2894 
£ = .033

. 3005 
£ = .028

-.0625 
£ = .35

POMS score .2113 
£ = .092

.2894 
£ = .033

1.0000 .6031 
£ = .001

. 0329 
£ = .42

Zung score .3348 
£ = .016

.3005 
£ = .028

.6031 
£ = .001

1.0000 -.1279 
£ = .21

Beta-endorphin -.2608 
p = .os

-.0625 
p = . 35

.0329 
£ = .42

-. 1279 
£ = .21

1.0000
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POMS score, and resting heart rate was correlated with 
both the Zung score and beta-endorphin level„

In order to determine whether differences in gen
der might have influenced the results, a groups by gender 
multivariate analysis of variance (MANOVA) test and 
equivalent univariate (ANOVA) tests were conducted on each 
of the pre-treatment dependent variables. The same pro
cedure was followed with the post-treatment scores. The 
gender main effect and groups by gender interaction effect 
were examined. None of these Fs were significant (Fs < 
2.02, jDs > .05). Henceforth, gender was not considered 
in any of the analyses.

The aerobic exercise group in the present study 
consisted of subjects enrolled in jogging classes and 
aerobic dance classes. Since different types of aerobic
exercise may result in different levels of cardiovascular

\ ■fitness, treatment groups by pre- to post-repeated measures 
ANOVAs were computed to test whether a difference in 
cardiovascular fitness, as measured by resting heart rate 
and recovery heart rate, resulted for the two aerobic sub
groups (Table 2). Since no significant difference in . 
initial or post cardiovascular fitness existed for the two 
types of exercise for resting heart rate and recovery heart 
rate, the joggers and aerobic dancers were combined to 
form one aerobic exercise group. However, because the 
recovery heart rate group x pre- to post-interaction
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Table 2. Analyses of variance by treatment groups

(jogging, aerobic dance), and pre- and post-time 
periods for the dependent variables of resting 
heart rate and recovery rate

Source df

Resting 
Heart Rate

Resting 
Heart Rate

MS F MS . F

Between Subjects
Groups (A) 1 445.11 2.25 225.44 .22
Error 21 198.21 1,033.89

Within Subjects
Pre/Post (B) 1 392.61 5.23* 4,307.15 26.04**
AB 1 72.61 .97 652.19 3.94
Error 21 75.08 165.39

*p < .05
**p < .001
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effect approached significance (p = .06), additional
t tests, were run on the pre- and post-recovery heart rate
to determine if both groups had a significant change in
cardiovascular endurance from the pre- to post-condition.
Both the t tests for the joggers (t(1,11) = 4.6, p < .001)
and the t_ tests for the aerobic dancers (t(l,ll) = 2.5,
p < .05) indicated significant cardiovascular fitness.
Table 3 lists the mean scores and standard deviations for 
■ ; ■ ■ ' . \ 
each of the dependent measures considered by treatment
group (aerobic exercise, nonaerobic, exercise, and control)
and time period (pre, post). To assure that subjects in
the three treatment groups were equally depressed and
physically fit at the start of the study, a MANOVA was
conducted on the five pre^treatment dependent variables.
There was no significant difference, F(2,35) = .75,
p > .05. Although the non significant MANOVA made it
unnecessary to run follow-up ANOVA tests on each dependent
variable, the ANOVAs were run as an additional check to
test the equivalency of the treatment groups at the
beginning of the study. None of the ANOVA tests were
Significant, Fs < 2.96, £ > .05.

A one-way groups MANOVA was conducted on the 
combined pre- and post-dependent variable scores to test 
the influence of the different treatment conditions on the 
dependent variables (Table 4). This procedure substituted 
for a repeated measures MANOVA since no statistical program
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Table 3. Means and standard deviations by treatment groups 

and time periods for the dependent variables of 
resting heart rate, recovery heart rate, POMS, 
Zung SDS, and plasma beta-endorphin level

Groups/Time Periods
Resting
Heart
Rate

Recovery
Heart
Rate

POMS
Score

Zung
Score

Beta-
endorphin
Level

Pre-treatment
Aerobic Group M 75.17 147.42 24.08 52.58 55.09

N = 24 SD 11.68 25.63 6.74 6.73 15.42

Nonaerobic Group M 86.25 164.88 26.25 55.63 53.91
N = 8 SD 11.88 27.11 6.96 3.38 16.62

Control Group
\

M 74.89 146.67 22.78 54.78 51.63
N = 9 SD 10.01 20.93 11.38 8.38 11.89

Post-treatment
Aerobic Group -M 69.72 128.50 13.08 43.17 58.38

N = 24) SD 11.76 21.83 10.13 6.20 8.04

Nonaerobic Group M 84.75 155.63 15.50 45.88 55.39
N = 8 SD 20.53 26.45 5.04 4.91 7.86

Control Group M 77.11 154.33 15.33 46.89 51.87
N = 9 SD 10.30 25.81 13.56 8.74 7.93

Training Effect Group
N = 10

Pre-treatment M 76.00 154.00 27.00 53.75 51.25
SD 17.88 36.68 9.78 7.46 10.01

Post-treatment M 63.00 114.13 14.88 44.63 56.60
SD 11.86 25.08 12.39 6.84 8.35

Untrained Control Group
. N • = 8

Pre-treatment M 79.60 150.60 23.80 54.50 53.30
SD 12.92 28.38 6.86 4.74 12.99

Post-tresitment M 82.00 166.50 15.80 45.90 53.70
SD 20.26 25.18 7.15 5.72 7.96
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Table 4. Multivariate tests of significance by treatment 

group (aerobic, nonaerobic, control) for the 
combined pre/post-dependent variables of rest
ing heart rate, recovery heart rate, POMS, Zung 
SDS, and plasma beta-endorphin level

Treatment Tests Value
Approximate

F D -F ’h D.F.e £

Groups Pillais 1.05910 1.9081 50.0 355.0 .0004*
Hostellings 1.68683 2.2064 50.0 327.0 .0000*
Wilks .26862 2.2064 50.0 308.9 .0001*
Roys .48705

*p < .001

for this test is available at The University of Arizona. 
Since the MANOVA was significant, two-way (groups by pre- 
and post-time periods) repeated measures univariate F tests 
(ANOVAs) were performed on each of the dependent variables 
(Table 5). A significant treatment group by pre- and 
post-time period interaction effect was demonstrated for 
recovery heart rate. Although there was no. significant 
interaction effects for the other dependent variables, a 
significant treatment groups effect was found for resting 
heart rate and recovery heart rate. The significant inter
action effect for recovery heart rate precludes any main 
effects significance.



Table 5. Analyses of variance by treatment groups (aerobic exercise, nonaerobic 
exercise, control) and pre- and post-time periods for the dependent 
variables of resting heart rate, recovery heart rate, POMS, Zung SDS, 
and plasma beta-endorphin level

Source df

Resting Heart 
Rate

Recovery Heart 
Rate POMS Score Zung Score Beta-endorphin

MS . F MS F MS F MS F MS F

Between Subjects ■- . . .

Groups (A) 2 1,047.92 4.25* 3,328.10 3.47* 31.58 .24 84.83 1.37 269.28 1.83
Error 38 246.47 958.51 134.10 62.09 147.08

Within Subjects
Pre/Post (B) 1 45.50 .68 748.27 3.34 1,534.17 43.67*** 1,317.61 40.62*** 11.59 .20
AB 2 110.94 1.66 1,175.23 5.24** 21.52 .61 4.72 18 1.63 .03
Error 38 66.79 224.30 35.13 26.03 58.01

*p < .05
**p < .01

***p < .001

<1
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Figure 1 illustrates the recovery heart rate inter

action effect. The recovery heart rate of the non-aerobic 
exercise group dropped 9 beats per minute (bpm) from pre- 
to post-treatment, while the aerobic group dropped more 
than twice as far (19 bpm); the control group actually 
increased 8 bpm. It is clear from examining the figure 
that the control group did not improve in cardiovascular 
fitness, while the aerobic exercise group and the nonaero
bic exercise group may have. In order to test the hypothe
sis that the aerobic exercise group would have a signifi
cant improvement in cardiovascular fitness and the non- 
aerobic group would not, paired t_ tests were run on the 
recovery heart rates to make the comparisons. There was 
a significant change in recovery heart rate, t_(l,23) =
4.89, p < .001 for the aerobic exercise group, but not for 
the nonaerobic exercise group, t_( 1,7) = 1.17, £ > .05.

The significant resting heart rate groups main 
effect was examined with a follow-up Neuman-KeuIs sequen
tial range test * This test demonstrated that a signifi
cantly lower resting heart rate occurred for the aerobic 
exercise group compared to the nonaerobic and control 
groups (Figure 2). Even though this was only a significant 
groups effect,,paired t tests were computed on the pre- to 
post-resting heart rates for the aerobic and nonaerobic 
groups to determine if the resting heart rates confirmed 
the hypothesis that the aerobic exercise group would have
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a significant improvement in cardiovascular fitness and 
the nonaerobic exercise group would not. While there was 
a significant change in resting heart rate for the aerobic 
group, t(1,23) = 2.35, p < .05, there was no significant 
change for the nonaerobic group, t(1,7) = 0.37, p > .05.
The significant pre to post effect on the POMS and Zung 
tests indicated a decrease in depression from the pre- to 
post-time periods.

As a further test of post-treatment levels for each 
group, a multivariate analysis of covariance (MANACOVA) 
and analyses of covariance (ANACOVAs) were computed to 
covary out any influence that differences in initial levels 
of the dependent variables might have had on post-treatment 
levels. The pattern of significance found with the 
MANACOVA and ANACOVAs was identical to the repeated mea
sures MANOVA and ANOVA results. Therefore, these results 
will not be presented.

Subjects in the aerobic exercise group turned in 
individual log sheets to document the amount of aerobic 
exercise they engaged in each week for the 10 weeks of 
the study. Subjects in the nonaerobic exercise group 
were interviewed at the end of the study to determine the 
amount of aerobic activity they engaged in although they 
had been asked to restrict their aerobic activity for the 
duration of the study. Subjects in the control group 
also were interviewed.
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Mean hours per week of aerobic activity for each 

treatment group were: 4.7 for the aerobic exercise group,
.4 for the nonaerobic exercise group, and 1.0 for the 
control group.

In spite of the self-reports, the possibility was 
considered that some subjects in the aerobic exercise 
treatment group did not exercise as prescribed, and fell 
short of obtaining a change in cardiovascular fitness, 
combined with the possibility that some of the subjects 
in the nonaerobic and control groups may have exercised 
aerobically and had a change in cardiovascular fitness. 
Consequently, subjects who attained both extremes of fit
ness across the 10-week treatment period were identified. 
Subjects in the aerobic exercise group who demonstrated a 
15% decrease in recovery heart rate pre to post (increasing 
cardiovascular fitness) were selectively termed the train
ing effect group (n = 8), and subjects in the nonaerobic 
exercise and control groups who demonstrated either no 
change, or an increase in recovery heart rate, were selec
tively termed the untrained control group (n = 10).

In order to more fully test what influence achiev
ing a significant training effect had on the dependent
variables, these two extreme groups were statistically■
analyzed.in much the same way as the initial three groups. 
The pre/post composite score MANOVA test was significant,
F(3,32) = 2.36, £ < .05, therefore, groups by pre- and
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post-repeated measures univariate tests were conducted 
for each dependent. variable (Table 6). A significant 
groups by pre- and post-time period interaction effect 
was demonstrated for both recovery heart rate and resting 
heart rate. Figure 3 illustrates resting heart rate 
interaction effects and, although initial levels were 
close, resting heart rate dropped 14 bpm for the trained 
group from pre- to post-treatment, whiJLe the untrained 
control group remained virtually the same, changing only 
2 bpm. Recovery heart rate differences were even more 
pronounced between the two extreme groups, as Figure 4 
shows. The trained group dropped 40 bpm and the control 
group actually increased by 16 bpm; again, initial levels 
were practically identical. There were significant pre- 
to post main effects, showing a decrease in resting heart 
rate, and a decrease in both the POMS and Zung depression 
scores. A significant treatment groups main effect was 
demonstrated with recovery heart rate. Obviously, the 
significant resting and recovery heart rate interaction 
effects overrode both significant main effects for the 
variables. No other significant interaction effects or 
main effects were obtained.



Table 6, . Analyses of variance by treatment groups (training effect and untrained 
control) and pre- and post-time periods for the dependent variables of 
resting heart rate, recovery heart rate, POMS, Zung SDS, and plasma 
beta-endorphin level

Source —

Resting Heart 
Rate

Recovery Heart 
Rate POMS Score Zung Score Beta-endorphin

MS F MS F MS F MS F MS F

Between Subjects
Groups (A) 1 1,135.02 2.57 5,330.11 3.49*' 11.50 .09 9.11 .18 1.03 •oi
Error 16 441.20 1.528.99 121.78 50.44 •• 141.37

Within Subjects
Pre/Post (B) 1 249.69 2.93 1,277.33 8.85** 900.03 21.66** 698.17 27 .40*** 65.16 1.03
AB 1 527.02 6.19 6,913.00 47.88*** 37.81 .89 .61 .02 58.60 .95
Error 16 85.20 144.37 42.34 25.48 63.04

*£ < .05
**£ < .01

*** £  < .001



RE
STI

NG 
HEA

RT 
RAT

E

55

* TRAINING EFFECT GROUP
o UNTRAINED CONTROL GROUP

Figure 3. Mean scores with standard error of the mean 
($) for resting heart rate across pre- and 
post-treatment
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CHAPTER 5

DISCUSSION AND CONCLUSIONS 

Discussion
The hypothesis that subjects involved in an aerobic 

exercise program would demonstrate a significant change in 
depression when compared to subjects involved in a non- 
aerobic exercise program or no exercise program at all 
was not supported in the present study. Although the 
subjects in the aerobic exercise group had a significant 
pre-to-post drop in depression as measured by both the POMS 
and Zung tests, the nonaerobic and the control groups also 
had significant drops in depression. The failure to find 
a treatment groups by a pre- to post-interaction effect 
indicates that the decrease in level of depression probably 
cannot be attributed to the aerobic exercise treatment.

Previously , Morgan (1977) questioned the methodo
logical validity of much of the existing exercise/ 
psychological research, and, more recently, Folkins and 
Sime (1981) raised many of the same questions. Lack of a 
control group and lack of a "placebo" or sham control are. 
the most serious criticisms Morgan has expressed. Folkins

tand Sime echoed Morgan’s criticism of the one-group pre
test /post-test design which is too frequently employed with 
research in this area. With this design, interpretation

57
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problems can occur due to statistical regression, i„e„, 
regression to the mean; maturation, i.e, changes which 
occur solely because of the passage of time; and experi
mental mortality, i.e., subject drop-out before the com
pletion of the study.

The equal decrease in depression levels for all 
groups in the present study might be explained by statisti
cal regression or by maturation„ Experimental mortality 
was not a contaminant, since all 41 subjects who initially 
began the study completed it.

Providing for a nonaerobic "placebo" group as 
well as the control group in this study served to bear out 
Morgan's and Folkins and Sime's insistence on inclusion of 
such groups in all designs in order to avoid attributing 
merit to treatments that may not actually be deserving of 
it. Several studies which reported positive changes in 
psychological factors for physically active groups did not 
include a comparable control group. Kowal et al. (1978)
related improved scores in mood, anxiety, and self- 
confidence for male recruits after basic training to 
improved physical fitness; Morgan et al. (1970) noted a 
decrease in depression for 11 depressed males engaged in 
a 6-week exercise program; and Murphy (1972) reported a 
decrease in depression and anxiety for alcoholics involved 
in a year-long physical fitness program. Lack of a placebo 
control group involved in different activity, or a true
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control group doing nothing, clouds the interpretation of 
these findings and prevents concluding that physical 
exercise per se is what led to the improved psychological 
st ates „

There have been studies which included a control 
group and still found a positive relationship between 
exercise and psychological improvement as compared to the 
changes for the control group. Folk ins et al „ (1972)
reported improved physical fitness for male and female 
joggers, but only for the female joggers was it associated 
with significant improvement in psychological fitness. 
Brown et al. (1978) found decreased depression scores for 
subjects involved in a variety of physical activities 
compared to a group that was inactive, and also decreased 
scores for clinically depressed and normal subjects who 
jogged compared to comparable groups who did nothing 
active. Powell (1974) found similar improvement for 
institutionalized geriatric patients after 12 weeks of 
exercise compared to a social activity group and a control 
group.

Like the present study, these studies made use of 
a control group. Unlike the present study, none made an 
attempt to establish that initial levels of depression 
were equivalent for the treatment groups, nor did they 
examine post-scores after covarying out differences in 
initial scores. Folkins et al. (1972) also noted that the
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exercise treatment than either the male joggers or con
trols . Accordingly, their conclusions, and the conclu
sions from the other studies mentioned, must be viewed 
with caution due to the possible influence of a variable 
initial level of depression on post-treatment values„

Fitness and Depression
It has been suggested that feeling better physi

cally may lead to feeling better mentally. That is, 
significant changes in fitness may enhance psychological 
well-being. This was the reason for the hypothesis that 
the aerobic exercise group would demonstrate a decrease 
in depression level while the nonaerobic and control 
groups would not.

Cardiovascular'fitness was measured and documented 
in the present study. The hypothesis that the aerobic 
exercise group would exhibit a significant improvement in 
cardiovascular fitness, while the nonaerobic exercise and 
control groups would not, was supported. While both the 
aerobic and nonaerobic exercise groups exhibited a 
decrease in recovery heart rate, the decrease was twice 
as (Figure 1). This was the case for resting heart rate : 
as well. Even though the control group had no change in 
cardiovascular fitness and the nonaerobic exercise group 
all groups decreased equally in depression. These findings 
suggest that the improvement in depression was probably
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a consequence of regression or maturation rather than a 
change in physical fitness level.

Morgan (1970) proposed that his failure to elicit 
changes in depression scores may have been due to the fact 
that a 6-week exercise program was not of sufficient 
intensity or duration. Brown et al. (1978) and Folkins 
et al. (1972) have addressed the question of fitness level 
and affective state and reported positive results. How
ever, both studies failed to adequately substantiate the 
physiological improvement purported to have accompanied 
an improved psyche. Brown et al.'s conclusions were based 
on obtaining similar but less pronounced patterns of reduc
tion in depression scores for clinically depressed and 
normal subjects who jogged either three times or five 
times a week. This finding would have more credence if 
physical fitness measures had been taken prior to and 
after completion of the 10-week jogging program. However, 
analysis of:*-a change in physical fitness was done.
Folkins et al. did measure a significant improvement in 
physical fitness for the jogging group, but they failed 
to even measure physical fitness for the control group.
As Folkins and Sime (1981) recommended, documentation of 
cardiovascular functioning and the measurement thereof is 
needed in order to interpret findings which relate physical 
fitness to psychological well-being.
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Comparison of subjects in the present study who 

achieved both extremes of fitness even more strongly 
confirmed the findings that there is no significant change 
in depression level as a consequence of cardiovascular 
fitness. If depression level truly is influenced by 
fitness, a significant difference should have been evident 
between the training effect group and the untrained con
trols. ANOVA results did not support this hypothesis 
because regardless of training both groups dropped equally 
in depression.

This determination contradicts findings by 
Stamford et al. (1974) of improved psyche for male geriat
ric mental patients who demonstrated an increased fitness 
level and also findings by Folk ins (1976) of psychological 
gains for 18 men at high risk of coronary heart disease 
whose physical fitness improved. No attempt to equalize 
initial fitness differences was made in the Fokins study, 
while both the present study and the Stamford et a l . study 
implemented analyses of covariance (ANACOVAs) to account 
for possible beginning level fitness inequities.

The contradiction in results between the present 
study and the two aforementioned studies may also be a 
function of the very specific populations investigated. 
Folk ins (1976) questioned the validity of applying his 
findings to a younger, more fit population, and Stamford 
et al. were cautious in stating implications due to the
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confounding combination age and mental illness might have„ 
Powell (1974) used.the same prudence in interpreting a 
positive physical/psychological relationship with institu
tionalized geriatric mental patients. The present study 
applies to a very specific group of "normal," but moder
ately to highly depressed college students. Results may 
not generalize to the normal, nondepressed population, or 
other atypical groups.

A final consideration in terms of measuring fitness 
which may explain some differences in results is the type 
of fitness test used. Although a maximum effort test to 
determine maximal oxygen consumption is physiologically 
most desirable to measure fitness, the sub-maximal test 
measuring recovery heart rate as an index of fitness has 
established reliability and is a common fitness index where 
larger groups must be measured (Day, 1966; deVries, 1974; 
Getchell, 1978). Resting heart rate is sometimes used as 
a fitness measure of cardiovascular efficiency (deVries, 
1974). In the present study it served as a secondary 
measure of fitness, as it is more prone to emotional as 
well as physiological changes. The .78 correlation (16% 
shared variance) between the two physiological measures in 
the present study (Table 1) attests to a solid relation
ship between the two measures, but a lack of absolute 
equivalence. Other studies previously cited used a 
variety of physiological measures and this may have been
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one of the reasons for the equivocal fitness findings. 
Resting heart rate and systolic blood pressure after exer
cise on the treadmill were used by Stamford et al. resting 
heart rate and the 1.75-mile run were used by Brown et al. 
and the Cooper 12-minute run was used by Folkins et al.
As Folkins and Sime (1981) recommended standardization of 
procedures would lead to better interpretation of results.

Beta-endorphins, Exercise, 
and Depression

A corollary purpose of this study was to examine 
the relationship of plasma beta-endorphin level to the 
physiological and psychological depression measures. The 
hypothesis that a significant correlation would be found 
between plasma beta-endorphin level and the POMS and Zung 
SDS depression scores was not supported. Only post
treatment resting heart rate had a statistically signifi
cant correlation to post-treatment beta-endorphin level, 
but the shared variance of a mere 6% negated any practical 
significance.

While there was a significant pre-to-post drop in 
depression, there was no corresponding pre-to-post change 
in plasma beta-endorphin levels. Even when differences 
in pre-treatment depression levels were covaried out, 
there were no differences in post-treatment endorphin
levels.
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Past research has indicated a possible relation

ship between depression and decreased levels of plasma 
beta—endorphin (Gerner et al„, 1980; Pickar et al., 1980; 
Verebey et al. , 1978). Pickar et al. observed a change in 
basal plasma beta-endorphin level for a manic-depressive 
patient charted over a 93-day period: during the manic
stage, plasma levels were elevated and during the periods 
of depression consistently low opioid activity was demon
strated. The author also commented on the lack of motor 
activity during the depressive stage and suggested that 
it may relate to the low opioid activity. The failure 
of the present study to find a significant relationship 
between plasma beta-endorphin level and psychological
measures may be a function of the specific population

. . ■used, that is, moderately to highly depressed, undiagnosed
subjects, rather than the institutionalized, chronic 
depressed.

The hypothesis that post-treatment levels of plasma 
beta-endorphin would be higher for the aerobic exercise 
group than for the nonaerobic exercise group or the 
control group was not supported. Even when highly trained 
subjects from the aerobic exercise group (15% increase in 
pre-to-post recovery heart rate) were compared to subjects 
from the nonaerobic or control groups whose level of 
cardiovascular fitness either did not change or worsened, 
there was no difference in plasma beta-endorphin levels.



Neither were there differences in post-treatment endorphins 
when pre-treatment fitness levels were covaried out.

Past research has indicated a possible relationship 
between increased levels of plasma beta-endorphin and both 
acute bouts of exercise and cardiovascular training (Carr 
et al. , 1981; Fraioli et al., 1980; Gambert et al., 1981; 
Farrell et al., 1981). The failure of the present study to 
find changes in endorphin level according to exercise 
treatment groups may be due to the lack of control of the 
exercise protocol for the aerobic exercise group. It is 
not known at what intensity these subjects exercised, only 
that it was sufficiently intense to cause a training effect 
Other studies indicated increases in acute levels of beta- 
endorphin only after fairly intense bouts of exercise 
(Farrell et al., 1981; Carr et al., 1981).

One important distinction between the present study 
and past studies is that past research primarily has been 
concerned with the transitory change in level of plamsa 
beta-endorphin immediately following acute experimental 
conditions (i.e., drug injection, exercise protocol, or 
both). The focus in the present study was on change in the 
the basal level of plasma beta-endorphin over the 10-week 
period. It would seem that if plasma beta-endorphin level 
is related to mood swings, and if exercise can change the 
level of plasma beta-endorphin, then the long-term train
ing effects of exercise on chronic levels of plasma
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beta-endorphin would be more meaningful than transitory 
effects of acute exercise. While this comparison makes 
sense intuitively, the premise was not supported with 
changes in beta-endorphin levels.

The basal levels of plasma beta-endorphin measured 
for the present study compared favorable with basal level's 
measured previously, which used the same radioimmunoassay 
technique, the New England Nuclear B-Endorphin (125-1) RIA. 
A multitude of assay techniques have been used in other 
research.. Articles listed basal levels of beta-endorphin 
ranging from 7 pg/ml (Fraioli et al., 1980) to 320 pg/ml 
(Colt et al., 1981), depending upon the assay technique 
employed and the success of extraction of beta-endorphin 
from cross-reacting beta-lipotropin and ACTH. Comparison 
of levels is difficult, if not impossible, because of these 
methodological differences.

The present study attempted to link depression, 
exercise, and plasma beta-endorphin level together. No 
other literature to date has attempted to make this three- 
way association, although Markoff et al, (1982) looked at 
general mood changes for 15 long-distance runners and con
cluded that changes in mood after exercise bouts were not 
due to plasma beta-endorphin. These investigators adminis
tered the POMS immediately before and after an hour-long 
run. Fifteen minutes after the post-run POMS was adminis-: y
tered, the runners were injected with either naloxone, a
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narcotic antagonist which blocks the action of beta- 
endorphin, or a placebo saline solution. No difference in 
POMS scores was found between the two groups. Studies are 
more common showing an association between any two of the 
variables (depression to plasma beta-endorphin level, e 
exercise to plasma beta-endorphin level, or exercise to 
depression), as noted by the studies discussed earlier.

In summary, although depression decreased for all 
groups at the conclusion of the present study, it is doubt
ful, judging from the results presented, that aerobic exer
cise influenced the decrease or that basal plasma beta- 
endorphin level was related. With an increase in cardio
vascular fitness, depression scores were not significantly 
different, nor did basal plasma beta-endorphin level change 
Consideration was given to public confounding variables 
such as different levels of fitness and depression among 
groups at the beginning of the study, lack of placebo and 
control groups, experimental mortality, and inaccurate 
measurement of fitness. None of these factors were con
taminants in the present study.

Limitations of the Study
Although the number of subjects tested in the pres

ent study is consistent with other current exercise/ 
psychology research (Morgan et al., 1970; Brown et al., 
1978; Stamford et al., 1974), the size of treatment groups



is not as great as would ideally be desired. The aerobic 
exercise group was sufficiently large with 24 subjects; 
however, the cell size for the nonaerobic group (n = 8) 
and the control group (n - 9) considerably weakened the 
strength of the study. In addition, the unequal cell
size between groups was undesirable.

The unique composition of the subject pool for the 
present study limits the range of application of results. 
Subjects were drawn from the normal population, but were 
selected because of exhibiting an atypical level of depres
sion. However, none of the subjects were receiving pro
fessional counseling, nor were any of the subjects on anti
depressant medication. It is doubtful that most of the 
subjects consciously acknowledged their depressive state.
It would be inappropriate to apply results either to a 
normal population or to an institutionalized depressed 
population; rather, the study was geared toward addressing 
moderately to highly depressed individuals in the normal 
population.

Major Findings
1. There was a significant change in level of depres

sion at the end of the 10-week time period, with 
all subjects involved in the present study exhibi
ting a decrease in depression scores to normal 
levels for the general population.
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2. There was no significant difference in depression 

scores for subjects in the aerobic activity 
classes compared to the nonaerobic activity 
classes and the control group„

So The significant statistical correlation between 
resting and recovery heart rates and Zung score 
(r = .34; shared variance 11%) was determined to 
indicate only a weak relationship between physical 
fitness and depression.

4o Subjects in the aerobic exercise group demonstrated 
an increase in cardiovascular fitness. Subjects 
in the nonaerobic exercise group and the control 
group did not change in fitness level.

5. There were no significant differences in cardio
vascular fitness for subjects who jogged and sub
jects who engaged in aerobic dance; however, the 
degree of cardiovascular fitness was greater for 
the joggers than for the dancers.

6. There were no differences in cardiovascular fitness 
between the nonaerobic "placebo" group and the 
control group after the 10-week time period.

7. No relationship was found between plasma beta- 
endorphin and either the physiological measures 
or the psychological measures used in the present 
study.



71
Conclusions

The following general conclusions may be drawn 
from the findings of the present study:

1. Aerobic exercise is no more effective than nonaero- 
bic exercise or no exercise at all in decreasing 
depression for a normal, but moderately depressed 
population.

2. For the normal but moderately depressed population 
the passage of time alone may be all that is neces
sary for a decrease in depression to occur.

3. A cardiovascular training effect can be expected 
to occur for individuals engaged in aerobic exer
cise, whether it is jogging or aerobic dance. 
Exercise leaders may find merit in prescribing 
either type of exercise to clients in order to 
promote improved cardiovascular functioning.

4. The significance of the presence of beta-endorphin 
in the plasma remains an enigma. While basal beta- 
endorphin levels do not appear to be related to 
depression and fitness levels, this does not mean 
they are unrelated to general moods immediately 
following acute exercise.

Recommendations
The results of this study may direct researchers 

in the exercise/psychological area to reevaluate previous
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research which demonstrates a positive effect of physical 
exercise on psychological states„ Tighter control, par
ticularly the utilization of placebo control and control 
groups in comparison to the exercise treatment, is essen
tial in order to draw meaningful conclusions. Better 
definition, quantification, and then measurement of the 
exercise protocol is also recommended.

Aerobic dance is an activity which has gained 
popularity within the past few years. For the general 
population who may wish to increase their cardiovascular 
fitness, but desire an alternative to jogging, aerobic 
dance may be an appealing and effective choice. The 
joggers in the present study showed a greater degree of 
cardiovascular fitness than the aerobic dancers although 
aerobic dancers also had a significant increase. However, 
further investigation with tighter control of factors like 
intensity of exercise, duration, hours per week engaged 
in, and caloric expenditure are recommended in order to 
draw any meaningful conclusions.

Research involving plasma beta-endorphin levels 
is still relatively novel. A standard procedure to measure 
beta-endorphin levels would make interpretation of findings 
in this biochemical area simpler and more meaningful. It 
is essential for the future.

The failure to relate plasma beta-endorphin level 
to depression in the present study may be due to the unique
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population discussed; namely, moderately to highly 
depressed college students who have not sought professional 
help for depression. Institutionalized depressed subjects 
may demonstrate a more significantly measurable difference 
in beta-endorphin. It may be worthwhile to investigate a 
relation between plasma beta-endorphin level, depression, 
and exercise with a firmly established and recognized 
population.

Much of the exercise physiology research dealing 
with plasma beta-endorphin level addresses the change in 
level after acute bouts of exercise; there may be merit to 
investigating the chronic, basal levels' in relation to 
different intensities of training.

Until there is some practical method available to 
measure brain levels of beta-endorphin in human subjects, 
the actual significance of plasma levels of beta-endorphin 
will be equivocal. Further work with beta-endorphins may 
necessitate finding new ways to evaluate central nervous 
systems levels of the chemical.
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Human Subject Consent Form

The purpose of this project, entitled "Effect of Exercise on 
Moods and Plasma Beta-Endorphinis to determine what influence 
participation in activity classes has on plasma beta-endorphin and 
moods. I understand that I am being asked to participate in this 
study along with other students enrolled in activity classes who 
had consistent scores on two different "mood" questionnaires. I 
also understand that my participation is totally voluntary and that 
I may withdraw from the study at any time without effecting my uni
versity standing and without ill will on the part Of the Investiga
tor. I realize that participation in the study will entail giving 
5 ml. of blood (see restrictions at bottom of sheet) the fifth and 
twelfth week of classes, and retaking one of the questionnaires 
the twelfth week (takes 3~^ minutes). If I am enrolled in one of 
the jogging or aerobic dance classes, I realize that an additional 
requirement is to participate in one extra hour of activity per 
week. I realize thefe are no risks or cost to me or personal bene
fits or monetary compensation, from participation in this study.

I understand that this consent form will be filed in an area 
designated by the Human Subjects Committee with access restricted to 
the investigator and that the data obtained from the tests will be 
totally confidential with my name removed once the second and final 
administration occurs. However, group data may be published in pro
fessional journals. I am also aware that in the event of injury 
resulting from any of the above stated procedures, I will receive 
no compensation for wages, time lost, medical expenses or hospital
ization. I have read the above "Subject Consent" form. The nature, 
demands, risks, and benefits of the project have been explained to me. 
A copy of this consent form will be made available to me upon request. 
If at any time I have questions related to this study, I am free to 
contact Debby Getty (Physical Education Bldg., Room 3; phone # 
626-3407).

Subject's Signature Date.

Signature ______  . DateWitness'
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Below is a list of  words that describe feelings people have. Please 
read each one carefully. Then fill in ONE space under the answer to 
the right which best describes HOW YOU HAVE BEEN FEELING DUR
ING THE PAST WEEK INCLUDING TODAY.

The numbers refer , i !  1 zto these phrases. £

I !

5 E

i

5
0 = Not at all 1 :  1 § 5 § £

1 -  A little 0 1 2 1 4 0 , 2 3
2 » Moderately 
3 -Q u ite  a bit

21. Hopeless .
0 2

!i ti

1 5

45. Desperate

Q 2 3
4 -Extrem ely 22. Relaxed . 46. Sluggish . . . .

5

i A
 L

IT
H

E
 

M
O

D
E

R
A

T
E

L
Y

 

Q
U

IT
E

 A
 B

IT
 

E
X

T
R

E
M

E
L

Y 23.

24.

Unworthy

Spiteful

0

0 1

2

2
3 i 47.

48.

Rebellious 

Helpless .

0

0 '

2

2

3

3

1. Friendly . ? '
3 * ? 25. Sympathetic . 0 i 2

! i! 49. Weary
0 1 I 3

0 1 2 3 4 0 i 2 9 , 2 i
2. Tense •• •*

?! 26. Uneasy •i 50. Bewildered !*

9 1 2 i 4 9 2
n

0 2 3 4
3. Angry '1 ! 27. Restless . 51. Alert

9 i 2 i
f

0 i 2
u

0 , 2 44. Worn out . 28. Unable to concentrate 52. Deceived .
0 1 2 3 4 0 2

n furious .
0 2 3 4

5. Unhappy . 29. Fatigued % 53.
0 i 2 3 4 9 i 2

u
0 , 2 3

6 Clear-headed . !• 30. Helpful ' 54. Efficient .
0 2 3 4 0 1 2 i 4 0 2 3

7. Lively i: 31. Annoyed 1 ll 55. Trusting .
0 i 2 i f 0 i 2 3 1 0 , 2 }

8. Confused. 32. Discouraged . ' 11 56. Full of pep
0 2 3 0 1 ?

• 3
0 2 3 4

9. Sorry for things done 33. Resentful 57. Bad-tempered .
0 i 2 3 4 o l 2

' i
0 , 2 3 4

10. Shaky 34. Nervous . - 58. Worthless
0 2 3 4 0 4

n
9 2 1

11. Listless . •i 1 35. Lonely 59. Forgetful .
0 i 2 3 4 9 i 2 0 , 2 3

12. Peeved . 36. Miserable 60. Carefree .
6 ! 3 0 i f

'  i
0 2 3

13. Considerate 37. Muddled 61. Terrified .
0 i 2 3 4 0 1 % 3 4 0 i 2 3 4

14. Sad . . . . 38. Cheerful . '! 62. Guilty

9 2 3 ? • ; i 4 0 2 3 4

15. Active i i: 39. Bitter i  j 63. Vigorous .
0 i 2 3 4 9 i 2

M
0 i 2 3 4

16 On edge . ' 40. Exhausted 64. Uncertain about things 1
9 i 2 1 9 i i 0 J 3

17. Grouchy . ! - !: 41. Anxious . 65. Bushed

0 2 3 4 0 2 * «
18 Blue 42. Ready to fight .

6
ri

! s
3

4 0 1
I t

MAKE SURE YOU HAVE
19. Energetic. ii 43. Good natured . ANSWERED EVERY ITEM

0 1 2 i 4 0 1 2 4 4
20. Panicky . 44. Gloomy . •I "
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Matric ______________________ Sex _________________ Phone # _______________________  Date _______________

Are you currently enrolled in a UA Department of Physical Education Activity Class?

Yes ______  No ______  If y e s , what? _______________________________________________ ___

Have You regularly in the last 1-2 months participated in any weekly physical activity? 

Yes ______  No ______  If yes, please list the activity and the appropriate hours per week.

1 __________________________
2 _____________________________
3 ___________________________

Please answer the questions below according to how you have been feeling during the 
past week including today.

Age Sex Dote
None OR a Little 

of  the Time
Some of j Good Port | Most OR All .
the Time | of the Time of the Time

1. 1 f e e l  d o w n - h e a r t e d ,  b lu e  a n d  s a d

2 . M o r n in g  is w h e n  1 fe e l  th e  b e s t 1
3 . 1 h a v e  c r y in g  s p e lls  o r  f e e l  l ik e  it i 1
4 . 1 h a v e  t r o u b le  s le e p in g  t h r o u g h  th e  n ig h t

5 .  1 e a t  a s  m u c h  a s  1 u s e d  to

6 .  1 e n p y  lo o k in g  a t ,  t a lk in g  t o  a n d  b e in g  

w ith  a t t r a c t iv e  w o m e n /m e n

1

7 . 1 n o t ic e  t h a t  1 a m  lo s in g  w e ig h t

8 .  1 h a v e  t r o u b le  w ith  c o n s t ip a t io n

9 . M y  h e a r t  b e a ts  fa s te r  th a n  u s u a l

1 0 . 1 g e t  t i r e d  fo r  n o  r e a s o n

1 1 . M y  m in d  is a s  c le a r  a s  it u s e d  to  b e

1 2 . 1 f in d  it e a s y  to  d o  th e  th in g s  1 u s e d  to

1 3 . 1 a m  re s tle s s  a n d  c a n  t k e e p  s till

1 4 .  1 f e e l  h o p e fu l  a b o u t  th e  fu tu r e

1 5 . 1 a m  m o r e  i r r i t a b le  t h a n  u s u a l

1 6 . 1 f in d  It e a s y  to  m a k e  d e c is io n s

1 7 . 1 f e e l  t h a t  1 a m  u s e fu l a n d  n e e d e d

1 8 . M y  l ife  is p r e t ty  fu ll

1 9 .  1 f e e l  t h a t  o th e r s  w o u ld  b e  b e t te r  o f f  if  1 w e r e  d e a d

2 0 .  1 s till e n jo y  th e  th in g s  1 u s e d  to  d o
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GETCHELL STEP TEST

NAME DATE

P r o c e d u r e :

1. A locker room bench (generally 18 inches high) is recommended for both men and 
w o m e n . The norms are based on 18 inch bench.

2. Work with partner.

3- At the signal " b e g i n " , start stepping on the bench— first the left foot up, then 
the right foot up, then the left foot down . . .

4. Step in cadence at the following pace:
M e n : 120 counts/min or 30 step executions/mon (4^step count every 2 seconds)

Women: 96 counts/min or 24 step executions/min (4-step count every 2.5 seconds)

5- Continue the exercise for 3.0 minutes; keep up the temp, and straighten the knees.

6. M e a s u r e m e n t s :
(a) after stepping for 3.0 minutes, sit on bench (or chair)
(b) wait 1.0 minutes after exercise stops and count HR for 30 sec.
(c) record HR for the following periods:

1- 1i minutes of recovery
2 -  2? minutes of recovery
3 “ 3 i  minutes of recover

(d) sum the three 30 second HRs; this is "recovery index."_______________________

Bench Height 

RECOVERY HR

1 -  U  _______________

2- 2* _____ ________
3-3* ______

Total

in.

(Recovery Index)

Stepping Rate

NORM

Classification Recovery Index (Women) Recovery Index (Men)

Super 95 - 118 9 7 - 1 1 7
Excel lent 126 - 135 122 - 132
Good 141 - 153 137 - 147
Average 158 - 170 152 - 162
Fair 176 - 187 167 - 177
Poor 193 - 204 1 8 2 - 1 9 2
Very Poor 210 - 233 197 ^ 217

Reference: G e t c h e l 1, B . , Physical Fitness: A Way of Life (2nd e d . ), New York:
John Wiley and S o n s , 1n c . , 1979.



REFERENCES

Anderson, R. Running: A road to mental health. Runner' s
World, July, 1979, 49-51.

Appenzeller, 0., Standefer, J., Appenzeller, J., &
Atkinson, R. Neurology of endurance training 
v.4 endorphins. Neurology, 1980, 30, 418-419.

Barnes, L„ Running therapy: organized and moving. The
Physician and Sportsmedicihe, 1980, B, 105-112.

Berger, P. A., Watson, S. J. , Akil, H., Elliott, G. R ., 
Ruben, R. T. , Pfefferbaum, A., Davis, K. L., 
Barchas, J. D. , & Li, C. H. B-Endorphin and 
schizophrenia. Archives of General Psychiatry, 
1980, 37, 635-640.

Berk, L. S., Tan, S. A., Anderson, C. L., & Reiss, G.
Beta-endorphin response to exercise in athletes 
and non-athletes. Medicine and Science in Sports 
and Exercise , 1981, 13, 134.

Blue, F. R. Aerobic running as a treatment for moderate 
depression. Perceptual and Motor Skilly 1979,
48, 228.

Bortz, W., Angwin, P., Mefford, I. N., Boarder, M. R.,
Noyce, N., & Barchas, J. D. Catecholamines, dopa
mine, and endorphin levels during extreme exercise. 
New England Journal of Medicine, 1981, 305 , 466-4 67

Brown, R. S. Ramirez, D. E., & Taub, J. M. Rrescription 
of exercise for depression. The Physician and 
Sport smedicine , 1978 , 6̂, 35-45 .

Buchman, K. E . Achievement and stress : attempts to over
come stress through games. Sportunteriecht, 1975, 
24, 13. .

Carr, D. B. (Letter). New England Journal of Medicine, 
1981, 305 ,1592 .

Carr, D. B., BuiTen, B. A., Skrinar, G. S., Arnold, M. A., 
Rosenblatt, M., Beitins, I. Z., Martin, J. B., & 
McArthur, J. W. Physical conditioning facilitates 
the exercise-induced secretion of beta-endorphin

' 82 . '



83
and beta-lipotropin in women. New England Journal 
of Medicine, 1981, 305, 560-563.

Clark, B. A. , Wade, M. G., Massey, B. H., & VanDyke, R.
Response of institutionalized geriatric mental 
patients to a 12-week program of regular physical 
activity. Journal of Gerontology, 1975, 30,
565-573.

Clarke, D. H. Exercise Physiology„ Englewood Cliffs: 
Prentice-Hall, Inc., 1975.

Colt, E. W. D., Wardlaw, S. L., & Frantz, A. G. The effect 
of running on plasma beta-endorphin. Life Sciences. 
1981, 28, 1637-1640.

Cooper, . K. H. The New Aerobics . New York: M. Evans St
Company, Inc., 1970, pp. 15-16.

Cure ton, T. K. Improvement of psychological states by- 
means of exercise-fitness programs. Journal of 
the Association of Physical and Mental Rehabilita
tion, 1963, 17, 14.

Davis, G. C. , Buchsbaum, M. P., St Bunney, W. E ., Jr.
Research in endorphins and schizophrenia. Schizo
phrenia Bulletin, 1979, 244-250.

Day, J. A. P. A statistical investigation of the rhyming 
step test. The Research Quarterly, 1966, 38(4), 
539-543.

deVries, H. A. Physiology of Exercise. Dubuque, Iowa: 
William C. Brown Co., 1974.

deVries, H. A., St Adams, G. M. Electromyographic compari
son of single dose of exercise and meprobamate as 
to effects on muscular relaxation. American 
Journal of Physical Medicine, 1972, 51_, 130-141.

Dodson, L., St Mullens, W. Some effects of jogging on
psychiatric hospital patients. American Corrective 
Therapy Journal,' 1969, 23, 130-134.

Farrell, P. A. (Letter). New England Journal of Medicine, 
1981, 305, 1591-1592.

Farrell, P. A., Cates, W. K., Maksud, M. G., Morgan, W. P., 
Tseng, L. F„ Plasma beta-endorphin/beta-lipotropin 
immunoreactivity increases after treadmill exercise 
in man. Medicine and Science in Sports and Exercise, 
1981, 13, 134. (Abstract)



84
Finck, A. D. Opiate receptors and endorphins: signifi

cance for anesthesiology. In S. G. Hershey (Ed.), 
Notes for Anesthesiologists. American Society of 
Anesthesiologists, Inc., 1979.

Folkins, C. H. Effects of physical training on mood.
Journal of Clinical Psychology, 1976, 32., 385-388.

Folkins, C. H . , Lynch, S ., & Gardner, M. M. Psychological 
fitness as a function of physical fitness.
Archives of Physical Medicine and Rehabilitation, 
1972, 503-508.

Folkins, C. H . , & Sime, W. E. Physical fitness training 
and mental health. American Psychologist, 1981, 
36(4), 373-379.

Fraioli, F., Moretti, C., Pablicci, D., Alicicco, E .,
Crescenzi, F., & Fortunio, G. Physical exercise 
stimulates marked concomitant increases of beta- 
endorphin and ACTH in peripheral blood in man. 
Experientia, 1980, 36, 987-989.

Gambert, S. R., Hagen, T . G . , Garthwaite, T. L., Duthie,
E. H., & McCarty, D. J. (Letter). New England 
Journal of Medicine, 1981, 305, 1590-1592.

Gerner, R. H . , Gatlin, D . H . , Corelick, D. A., Hui, K. K., 
& Li, C. H. Beta-endorphin: intravenous infusion
causes behavioral change in psychiatric patients. 
Archives of General Psychiatry, 1980, 37, 635-640.

Getchell, B . Physical fitness: a way of life, (2nd ed.).
New York: John Wiley and Sons, Inc., 1979.

Goldstein, A. Opioid peptides (endorphins) in pituitary 
and brain. Science, 1976, 193, 1081-1085.

Greist, J. H . , Klein, M. H., Eischens, R. R., & Paris,
J. T. Running out of depression. The Physician 
and Sportsmedicine, 1978, 8, 49-56.

Hammett, V. B. Psychological changes with physical train
ing. Canadian Medical Association Journal, 1967, 
96, 764-768.

Hawley, L. M. & Butterfield, G. E . (Letter). New England 
Journal of Medicine, 1981, 305(26), 1591.

Jacquet, Y. F. Beta-endorphin, blood-brain barrier, and 
schizophrenia, Lancet, 1980, 831-832.



85
Kosterlitz, H„ W., & Hughes, J. Development of the con

cepts of opiate receptors and their ligands. 
Advances in Biochemical Psychopharmacology , 1978, 
18, 31-41.

Kowal, D. M. Patton, J. F., & Vogel, J. A. Psychological 
states and aerobic fitness of male and female 
recruits before and after basic training. Aviation 
Space, and Environmental Medicine, 1978, 49, 
603-606.

Laxer, R. M. Self-concept changes of depressive patients
in general hospital treatment. Journal of Counsel
ing Psychology, 1964, 28, 214-219.

Lion, L. S. Psychological effects of jogging: a prelimi
nary study. Perceptual and Motor Skills , 1978,
47, 1215-1218.

Lohmar, P ., & Choh, H. L. Biological properties of ovine 
beta-kipotropic hormone. Endrocrinology, 1968,
82, 898-904.

Markoff, R. A., Ryan, P., & Young, T. Endorphins and mood 
changes in long-distance running. Medicine and 
Science in Sports and Exercise, 1982, 14(1), 11-13.

Martin, J. In activity therapy, patients literally move 
toward mental health. The Physician and Sports- 
medicine, 1977, 85-89.

Marx, J. L. Brain opiates in mental illness. Science, 
1981, 214, 1013-1015.

Mason, J. W. Historical view of stress field. Journal 
of Human Stress, 1975, JL, 6.

Massie, J. F., & Shephard, R. Physiological and psycho
logical effects of training. Medicine and Science 
in Sports, 1971, 3̂, 110-117.

Maugh, T. H„ Biochemical markers identify mental states. 
Science , 1981, 214 , 39-41.

McPherson, B. D. Psychological effects of an exercise 
program for post-infarct and normal adult men. 
Journal of Sportsmedicine and Physical Fitness, 
1967, 7, 95-101.

Mlatecek, L. Mental health and physical culture. Dusevni 
Zirave a Tlesna Kulturg. 1975, , 6.



86

Morley, J„ D„ , & Levine, A. S. Stress-induced eating is 
mediated through endogenous opiates. Science,
1980, 209, 1259-1261.

Moore, M. Endorphins and exercise: a puzzling relation
ship. The Physician and Sportsmedicine, 1982 , 10 , 
111-114.

Morgan, W. P. Alterations in anxiety following acute
physical activity. Tape from Research Seminar on 
Physical Fitness and Mental Health, University of 
Nebraska, September, 1977(a).

Morgan, W. P. Personality and exercise. Paper presented 
at the Conference on Exercise in the Elderly, 
National Institute of Aging, Bethesda, October, 
1977(b).

Morgan, W. P. Negative addiction in runners. The
Physician and Sportsmedicine, 1979, 7(2), 57-70.

Morgan, W. P., Roberts, J. A., Brand, F. R., & Feinerman,
A. Psychological effects of chronic physical 
activity. Medicine and Science in Sports, 1970,
2, 213-217.

Morgan, W. P., Roberts, J. B., & Feinerman, A. D. Psycho
logical effect of acute physical activity. Archives 
of Physical Medicine and Rehabilitation, 1971, 52, 
422-425.

Murphy, J. B. , Bennett, R. N. , Hagen, J.. M. & Russell, M. W.
Some suggestive data regarding the relationship of 
physical fitness to emotional difficulties. News
letter for Research in Psychology, 1972, 14, 15-17.

Nakao, K., Nakai, Y, Oki, S., Horu, K., & Imura, H. .
Presence of immunoreactive beta-endorphin in normal 
human plasma. Journal of Clinical Investigation, 
1978, 62, 1395-1398.

Nerz, A., Blasig, J., Emrich, H. M., Cording, C., Piree, S.
Rolling, D., & Zersse, V, Is there some indication 
from behavior effects of endorphins for their 
involvement in psychiatric disorders? Advances in 
Biochemical Psychopharmacology, 1978, 18, 333-339.

New England Nuclear. Instruction manual for the measure
ment of B-endorphin levels in tissue and biologi
cal fluids. B-endorphin [1251] RIA Kit. Catalog 
No. NEC-003. February, 1981.



87
Oyama, T„, Jin T., & Yamaya, R„ Profound analgesic effects 

of beta-endorphin in man. Lancet, 1980, 122-124.
Pickar, D., Cutler, N. R., Naber, D., Post, R. N., Pert,

C. B . 8s Bunney, W. E. Plasma opioid activity in 
manic-depressive illness. Archives of General 
Psychiatry, 1980, 37, 640-642.

Powell, R. R. Psychological effects of exercise therapy 
upon institutionalized geriatric mental patients. 
Journal of Gerontology, 1974, _29(2), 157-161.

Schildkfaut, J. J. Toward a biochemical classification of 
depressive disorders. Archives of General Psychia
try, 1978, 35, 1427.

Selye, H. Stress without distress. New York: J. B.
Lippincott, 1974.

Snyder, S. Opiate receptors and internal opiates. 
Scientific American, 1977, 236, 44-56.

Stamford, B. A., Hambacher, W., & Fallica, A. Effects of 
daily physical exercise on the psychiatric state 
of institutionalized geriatric mental patients.
The Research Quarterly, 1974, 45, 34-41.

Stein, L„ , 8s Belluzzi, J. D. Brain endorphin and the sense 
of well-being: a psychobiological hypothesis.
Advances in Biochemical Psychopharmacology, 1978, 
18, 299-311.

Terjung, R. Endocrine response to exercise. Exercise 
and Sport Sciences Reviews, 1979, ŷ  153-180.
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