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ABSTRACT 

A canonical analysis was computed utilizing a battery of psychological 
variables (MMPI, IMAGE-CA, Locus of Control, FIRO-B and POMS), disease 
status, rehabilitation status, and blood chemistries (complete blood count, free 
fatty acid, cortisol, cholesterol, acid phosphotase, LDH, and alkaline), 
collected from a group of cancer patients diagnosed with Stage IV or widely 
metastatic disease of various sites. The purpose of the analysis was to directly 
interrelate blood and psychological variables; the latter ha':ing been demon
strated as predictive of disease outcome in a previous study. Results of three 
analyses showed coefficients ranged from .98 to .82, all statistically significant 
beyond the .02 level. The three most stable vectors were interpreted as Resigna
tion, Non-Directed Struggle and Purposeful Action, with appropriate hema
tological relationships. Disease sites were well distributed among the three 
vectors, and no one factor contained a pr~ominance of a type of medical 
treatment. It did appear, however, that the three vectors were allied with state 
or extent of disease. Ramifications for research and practice were discussed. 

INTRODUCTION 

The interaction of the medical and behavioral sciences in research is among 
the most potentially fruitful developments in the attempt to provide explanations 
for course and cause of disease. However, in regards to cancer, the quest for 
significant correlation between these two fields has continued to be based on 
indirect or third order relationships. There have been previous attempts to 
demonstrate the relationship between psychological factors and the outcome 
of cancer (Stavraky, 1968; Blumberg, et al., 1954; Klopfer, 1957; Krasnoff, 1959; 
and Achterberg, et al., 1978). On the other hand, few investigations appear in 
the literature that specifically relate psychological and physiological com
ponents within a group of cancer patients. 

In a recent article entitled, "Psychological Factors and Blood Chemistries 
as Disease Outcome Predictors for Cancer Patients" by Achterberg, et al., 
(1977), blood chemistry variables were factor analyzed and correlated with 
psychological variables. The primary consideration was to determine what 
covariance was most contributing to disease proc·ess. The results were interesting 
in that the psychological factors were predictive of disease status at follow-up, 
whereas the blood chemistry factors were npt. 

The article triggered many questions involving the issue of the direct 
relationships between the blood chemistries and psychological measures. There-
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fore, a second analysis has been conducted with the data with the specific 
objective of understanding the canonical relationship between these two sets of 
data for a cancer population. 

The canonical is one of the few statistical techniques that can be used to 
describe the · correlation between two sets of data, and hence is appropriate 
to the consideration of the question of the relationship between blood chemistry 
and psychological variables. · 

It is a maximal estimate of covariance between two sets of variables, and 
defines the linear relationship on the basis of relative loadings or weights of 
importance. Independent canonical analyses are computed utilizing residual 
matrices until probability becomes less than the .05 level of chance. 

METHOD 

The subjects on whom the current study was condqcted were a very unusual 
group of cancer patients who, in addition to usual medical treatment, elected 
cancer counseling. The data for the study were collected over a period of one and 
a half years and involved 126 patients. The mean age of the patient population 
was 44,· with an age range of 15-71. Fifty-eight percent of the patients were 
female, and forty-two percent male. A broad range of diagnoses of types of 
cancer was represented, and the group was homogeneous in the sense that the 
majority (90%) could be classified as widely metastatic or incurable, with a 
mean projected life expectancy of 12.6 months. Socioeconomically, the bulk of 
patients were middle to ·upper middle class, and were being treated medically 

· at major cancer centers in diverse geographical areas. 
' , 

Instrumentation 

The following instrumentation used to collect the data for the study included 
the following: 

Psychosocial Battery 

1. Minnesota Multiphasic Personality Inventory (MMPI). All standard 
scales and the experimental scales "Ego Strength" and "Control." 

2. Locus of ·• Control. Levenson's (1973) revision of the Rotter Scales to 
include a multidimensional scaling. 

3. Fundamental Interpersonal Relations Orientation - Behavior (FIRO-B) 
(Schutz, 1975). 

4. BEM Sex Role Inventory (BSRI). (Bern, 1974). 
5. Profile of Mood States (POMS). 
6. IMAGE-CA. A projective. instrument developed by the investigators 

(Achterberg & Lawlis, 1978) and validated on the patient population in question. 
This protocol taps patient's attitudes toward cancer, treatment, and the body's 
immune capabilities. The four factors included in this study were (a) the 
symbolism of the described imagery, (b) judged ability to form visual images, 
(c) reported regularity of imaging, and (d) a clinical judgment of the relationship 
between a particular type of imagery and disease outcome. 

DISEASE/REHABILITATION VARIABLES 

.. - 1. Disease status. Disease state at the time of testing was categorized in 
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the following manner: (a) no evidence of disease, (b) regression of disease, (c) 
stabilization, and (d) new growth. The judgment was based on patients' medical 
records from their referring physician. 

2. Rehabilitation status. This category was determined by the treators in 
the project during patient staffing (the treators being a team minimally 
comprised of a physician with a specialty_ in oncology, 1-2 counselors, and a 
psychologist-resea,rcher). It is a composite judgment of the general activity level 
of the patient (i.e. engagement in both social and work activity) with a considera
tion of the reported pre-disease level as a baseline for judgment. The categories 
were: (a) 100% active, (b) 75%, (c) 50%, (d) 25%, and (e) hospitalized or otherwise 
bedridden. 

3. Median life expectancy. Median life expectancy was calculated for each 
disease site based on End Results Tables, Report #4 supplied by the Department 
of Health, Education, and Welfare, and Cancer Prognosis Manual from the 
American Cancer Society which takes into consideration not only the site but 
local vs. regional metastasis. 

4. Time from diagnosis of metastatic or Stage IV disease to present. 
5. Time from diagnosis of metastatic or Stage IV disease to date of expira

tion (when applicable). 

Blood Variables 

1. Complete blood count (CBC): Red blood cells (RBC), White .blood cells 
(WBC), Mean corpuscular hemoglobin (MCH), Mean corpuscular hemoglobin 
concentration (MCHC), Eosinophils (Eos.), Basophils (Basos.), Metamyelocytes 
(Metas.), Stabs, Segmented (Segs.), Lymphocytes (Lymphs.), Monocytes 
(Monos.), Platelets. 

2. Free Fatty Acids (FF A). 
3. Cortisol. 
4. Cholesterol. 
5. Acid Phosphatase (total and prostatic). 
6. Lacticdehydroenase (LDH). 
7. Alkaline Phosphatase (AKP). 
Following the development and refinement of the psychological battery 

and the selection of the blood factors to be studied, all patients presenting for 
treatment were administered the battery, and blood was collected by Pathology 
Associates of Texas within 24 hours of the test administration. Preliminary 
investigation revealed minor variance in cortisol and cholesterol levels, and 
it was recommended that these be dropped since no information would be 
gained by continuing to analyze these factors. Added to the blood work midway 
in the study were LDH and AKP. Patients were required to take the psychological 
battery since it was considered an integral part of the psychotherapeutic 

. procedure. Patients were advised to fast from midnight on the day before blood 
was taken until it was drawn between 8:00 and 10:00 in the morning. 

RESULTS 

The data on the psychological and physiological tests were analyzed 
relative to their linear relations as represented by the product moment co• 
efficient. The resultant correlation matrix was then subjected to three canonical 
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analyses for determination of stability. The first run utilized the basic data 
in which all subjects were represented by real data points available. Variables 
were included for which there were no more than 25% missing data. The second 
run included variables in which there was a maximum of 50% representation. 
The third run included all variables including those with as many as 90% missing 
data. The means substitution formula was utilized for missing data. The strategy 
was to utilize the additional covariances of the missing data to determine how 
well the factor structure maintained itself with the relative strengths of the 
extra variables. This model is similar to Humphrey and Ilges' (1969) Parallel 
Factor Extraction Based on Random Variable Selection. 

The three canonical analyses are represented in Table l, and interestingly 
enough, all indicated significant canonical coefficients for five vectors. However, 
when compared to each other, only three factors appeared to maintain the 
relatively high and low loadings per variable (see Table 2). 

Table l 

Canonica 1 Analyses 

? 

Canonical Coe ffi ci en t -x.: Si gni fi ,·:111,e 

Trial I .97 B!}.<n . OOll I 
'(less 12 variables) 

. 92 592. 82 . o~ 

. 82 277. 27 .llll'.> 

. 78 22 l . 85 .00111 

.73 173.Sl . IHIII I 

· Trial II .98 l 1081. 2'.l .OllOI 
(less 7 variables) 

.96 861. 43 . 00 -1 

. 86 470.71 .011 

. 4 . 85 406. 4c, . IHI I 

.82 34 7. 07 .IHHI I 

Trial I II . 98 1281.J . 1-1 .(1(1(11 

(all variables) 
.98 l 1281. 81 . 111111 I 

.98 llll21.l8 .(Ill() I 

4 . 92 <,89.89 . il~(I 

.90 604.hS ,IHI., 

As an additional check for simplest structure, the resultant canonical three 
factor matrix was also rotated for greatest common variance, including an 
additional varimax rotation and. oblique rotation. Since the resultant factors 
had not changed in relative loadings, only mathematical significance was 
gained and any further discussion of the results of the rotation will be omitted 
from this paper. 

Relative loading based on factor coefficients are presented in Table 3. On 
the basis of high loadings on the psychological variables of ( +) Depression 
(MMPI), (+) Tension (POMS), (-) Depression (POMS), (-) Hysteria (MMPI), (-) 
Schizophrenia (MMPI), Factor 1 could be interpreted as a psychological coping 
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Table 2 

Corre lation of Relative Coefficients of 

Three Canonical Analyses 

Analysis I 

1 2 3 4 5 

Anal ysi s II 1 1.00 .00 .20 .00 .00 

2 1.00 .00 .10 .00 

3 . 80 .00 .00 

4 .30 :00 

5 .10 

An a lys is I II 1 1.00 .10 . 30 .00 .10 

2 1.00 .10 .00 .OS 

3 .60 .15 .10 

4 .40 .OS 

5 .00 

strategy of RESIGNATION. High loadings on the variabl~s (+) F (MMPI), (-) 
Chance (Locus of Control), (-) Expressed Control and Wanted Affection (FIRO-B), 
(+) Depression (POMS), (+) Psychopathic Deviate,(-) Hysteria, and(+) Psychas
thenia (MMPI), Factor II could be interpreted as a coping strategy of NON
DIRECTED STRUGGLE. The third factor was interpreted as a coping strategy 
representing PURPOSEFUL ACTION based-on the vector characteristics of(+) 
Overall Imagery (IMAGE-CA), (+) Hysteria, (+) Control (MMPI), (+) Anxiety 
(POMS), (-) Expressed and Wanted Inclusion (FIRO-B), and(-) Chance (Locus 
of Control). 

Interestingly, the three groups of psychological variables were vectored 
through relatively similar hematological space. Factor I (RESIGNATION) 
correlated with(+) red blood cells, (-)hemoglobin,(+) mean corpuscular volume, 
(+) mean corpuscular hemoglobin content, (-) segs, (-) lymphocytes. Factor II 
(NON-DIRECTED STRUGGLE) correlated with (+) red blood cells, (-) hemo
globin,(+) mean corpuscular volume,(+) mean corpuscular hemoglobin count. 
Factor III (PURPOSEFUL ACTION) was the most simplistic and correlated 
with the blood chemistry variants {+) red blood cells, (+) white blood cells, (-) 
hemoglobin. 

In order to better understand the dynamics of the relationship manifested in 
a canonical correlation, canonical factors scores were computed for each 

- patient, thus providing individual scores for representative cases to identify 
those most similar or dissimilar to each of the three factors. As a result of this 
assignment, it appears that disease sites were reasonably well distributed 
among the three vectors. Additionally, no one factor contained a predominance of 
patients receiving a particular type of medical treatment. Itdidappear,however, 
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that the three vectors were closely allied with state or extent of disease, (i.e., 
the patients who most closely correlated with Factor I were the least stable in 
their condition, whereas patients having canonical scores resembling Factor 
III were the most stable at the time of testing regardless of diagnosis). 

The implications of the canonical analysis are prefaced with cautions 
against notions of causation. The primary conclusion is that there was a highly 
significant relationship between psychological and hematological Vijriables, 
some of which were more linearly correlated than others, thereby delineating 
some variables for further research. 

Tah le 3 

Variable Coe f ficien t s on the Three Stahle Canonical \'cctors 

Predictor Set 

Vari ab le 

Symb o lism- Imagery 

Imaging Ability 

Estimated Reg . of -Imagery 

O~erall Clinical Judgement of Imagery 

and Management of Disease 

Current Status 

Status + two months 

MMPI - L 

F 

K 

Hs 

D 

Hy 

Pd 

Mf 

Pa 

Pt 

Sc 

Ma 

Si 

Es 

Cn 

6 

. 16 

- .04 

.lS 

.11 

• 3S 

. 30 

- . 07 

. 15 

- . 09 

. 28 

. 41 

- . 46 

• 3S 

,()() 

. 38 

- . 06 

- . 33 

- .o 8 

- . 21 

.40 

- . 08 

II 

- .18 

. 29 

• 2(1 

. 03 

. 4 1 

- . 62 

- .07 

. 72 

-.01 

.40 

- . 21 

- . 62 

. 68 

. OS 

- . 14 

.so 

- . (lf, 

- • :i I 

- . 21 

- . 2-t 

-.09 

f IT 

- . (14 

- .60 

. n::; 

.n 

• SR 

- . 24 

. 24 

. l 7 

- • ()(1 

.S7 

- • ::!~) 

.06 

- . ll .~ 

- • (~ 7 

. 09 

. 12 

-.~ s 

- . 2 7 

- . 28 

.08 

. 41 
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T. :··, •.~ontinued) 

Vari ab le I II III 

Locus of Control - I .25 .18 - .1 7 

p .18 .42 - . 39 

C .05 - .4 7 -.41 

FIRO-B - Ie .00 .14 -.41 

Iw . 19 -.19 -.33 

Ce - . 03 - . 45 .23 

Cw - . 26 - . 32 - . 03 

Ae .02 .22 .13 

Aw -.22 -.42 -.04 

POMS - T . 52 -.02 . 13 

D -.34 .43 -.33 

A . 19 - . 16 . .87 

V - . 16 - .11 . .16 

F .00 -.28 -.25 

C -.34 - . 08 . 30 

Disease Status . 76 .5·5 . 12 

Rehabilitation - . 2 3 -.45 -.48 

Life Expectancy .25 .11 -.23 

Current Disease .44 -.69 - . 39 

FFA - . 23 - .08 .23 

RBC 1. 70 . 74 . 75 

WBC . 12 - . 13 .64 

Hgb -1.76 -1. 32 -.80 

Hct .11 -.15 .06 

MCV 1. 23 1. 48 .05 

MCH -.55 -.49 .00 

MCIIC .65 .63 .12 

Scgs - . 75 - . 2Q .65 

Lymphs -.69 -.18 .11 

Acid Phosphatase Total .12 .11 .00 

Acid Phosphatase Prostatic -.16 .01 .48 
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DISCUSSION 

The three canonical vectors appear to represent a variety of disease processes 
common to a field of cancer disorders. The first two blood profiles are very 
similar and consistent with a diagnosis of macrocytic hypochromic anemia. On 
the other hand, the two psychological vectors associated with these blood 
chemistry states appear to be different syndromes. The first factor (RESIGNA
TION) describes a patient who is typically depressed (although depression as a 
mood state at the time of testing is not evidenced), who does not appear to use 
denial expressions as a defense mechanism, who is fairly traditional and 
concrete in thinking, and who also may be touchy and externalize blame. The 
patient's general outlook is probably openly pessimistic, and none of the factors 
which would indicate "fight" or striving are noted on this vector. 

In contrast, the second factor (NON-DIRECTED STRUGGLE) describes a 
slightly different constellation of attributes in conjunction with the same 
anemic profile. The patients are less depressed, but more dissatisfied and 
worrisome, individualistic and non-conforming. The profile gives the impression 
of a reasonably independent individual who is more likely to put up a fight. 
Evidences of a mixture of conflict with expressed belief in authority figures 
are indicated. The profile seems to involve a struggling, ,anxious approach with
out the direction to the conflict of the Factor III type, yet without the depression 
and hopelessness of Factor I. 

Factor III (PURPOSEFUL ACTION) seems to be the most readily inter
pretable of all, and both blood and psychological profiles are consistent with a 
directed attempt to fight off disease. First, the blood indicates a compensatory 
anemic reaction to hemoglobin deficiency; and second, the relatively higher 
white blood cell count could indicate increased anti-body availability and 
phagocytic activity - both of which contribute to a defense against disease. 
(There were no leukemic or lymphoma patients with significant loadings on this 
vector, so the rel_atively higher WBC is not a result of these abnormalities). 

The psychological profile for Factor III is one of a positive belief for body 
functioning, coupled with little tendency to decompensate under stress. Our 
previous findings on psychological profiles of exceptional patients who outlive 
predicted life expectancies were replicated in this vector, particularly in regard 
to the degree of self-sufficiency and expressed control (Achterberg, et al., 1978b). 
We assume that Factor III as well as the other two profiles might be more or less 

. representative of patients over time, and that they may well exhibit PURPOSE
FUL ACTION at one stage, NON-DIRECTED STRUGGLE at another time, 
and RESIGNATION at still another. 

The canonical analyses is a landmark study in that it is the first to use 
sophisticated statistical technology to relate a massive amount of psychological 
and medical information in cancer research. The overriding conclusion at 
this point is that within the particular population studied, there are three 
differing psychological profiles which appear clinically to be on a sort of con
tinuum extending from an attitude of giving up; secondly, an ambivalent 
struggle, and finally a purposeful and positive striving to overcome the disease. 
The response is related to a homogenous hematological state in the first two 
vectors, which would point to some basic tendencies for patients to respond 
psychologically in a different fashion to the stress of illness. In other words, 
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the findings rule out the assumption that the psychological profiles merely reflect 
disease state (i.e. the fatigue of an~mic conditions) but rather call for an inter
pretation in light of some personality trait differences or predispositions to 
respond which no doubt must take into consideration the life experiences of the 
patients concerned. Any simple explanation of physical state (~s reflected in the 
blood measures) causing an invariant psychological response is also ruled o_ut. 

This study and the previously reported analysis (Achterberg, et al., 1977) 
demonstrate that the relationship between psychological components and 
blood chemistry is by no means random-or speculative. On the contrary, when 
the data are subjected to a variety of rigorous .analyses, the conclusions are 
consistently positive. Interpreting the results clinically, translating them into 
strategies for disease treatment, and the design of future studies of this 
nature will require that attention be given to two important issues. First of all, 
there are not likely to be any simple answers. The human body is designed so 
that any change or alteration in any system or component produces a reverbera
tion that may indeed alter every other system. Hematocrit does not normally 
elevate or drop without triggering compensatory factors to enable the system to 
return to a homeostatic condition. Attitude toward medical treatment (or attitude 
to~ard anything, for that matter) does not change, in and of itself, without 
producing a series of behavioral and emotional alterations. By the same token, 
it is highly unlikely that a solitary psychological characteristic will directly 
affect a change in any single blood factor. Thinking of the total psychophysio
logical makeup as a highly integrated and complicated system will help avoid the 
previously naive approach to the issue evidenced by such global statements as 
"Cancer causes depression" and "Depression causes cancer." These are simple 
answers to complicated issues. 

Secondly, because the answers and interpretations are complicated, a 
new breed of individual will need to emerge from our ranks if the results are 
ever to become more than a curiosity. Those individuals perforce will need to 
be conversant in at least four disciplines: medicine, physiology, psychology 
and statistics; so that not only will the mental and physical response to treat
ment and disease be understood, but also so that the interrelationship between 
these aspects can be comprehendable. 

FOOTNOTE 

Funding for the study upon which this publication is based was provided by 
a grant to Dr. 0. Carl and Stephanie Simonton by the InstituteofNoeticScience. 
Data analysis was funded by a faculty research grant from North Texas State 
University. 
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